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Abstract

Purpose of the Research:
The purpose of this study is to examine the causes of negative energy balance in male and female collegiate
soccer players who do not exhibit disordered eating. The study also looked at the prevalence of complications
associated with disordered eating, injury and menstrual dysfunction to determine if these would be present in the
participants in a negative or positive energy balance regardless of disordered eating status. A questionnaire will
examine participants’ disordered eating risk, and a food and activity diary will examine energy balance. A third
questionnaire regarding injury and menstrual history will determine their prevalence among the participants.
Scientific or Scholarly Rationale:
Disordered eating is a serious condition that can adversely affect menstrual function in females and bone
health in all athletes. Athletes who have inadequate caloric intake are at risk for serious injury. Some athletes,
especially those in lean build sports, intentionally restrict their energy intake to maintain a lean physique. However,
other athletes may be under-consuming calories unintentionally. Because soccer athletes require both endurance and
power during practice and competition, this population’s needs represent those of many other sports.
Procedures to be Performed:
After recruitment all participants completed the Eating Attitudes Test-26 (EAT-26) and an injury history
questionnaire at an informational meeting held by investigators. Female participants were also asked to complete a
menstrual history questionnaire. At the informational meeting, participants received food and activity diary sheets,
which the investigators used to find energy balance. Participants recorded food intake and all activities over a threeday period. A sample food diary and activity diary page was included with a sheet providing examples of serving
sizes and an internet source to help participants measure and record his/her food diary and activity diary. At the
completion of the three days recording, participants sealed log sheets in an envelope that they signed with his/her
participant number to ensure no others had access to their information other than investigators. Participants returned
all food and activity diary materials to the team athletic trainer who forwarded it to the investigators for data
analysis.
A Description of the Procedures Being Performed Already for Diagnostic or Treatment Purposes:
There are no diagnostic or treatment procedures currently being used on the participants.
Risks and Potential Benefits of the Research:
Risks
The psychological risks involved in this study include the possibility of creating mild distress due to the
topic sensitivity, as some may feel uncomfortable discussing their weight and eating habits. Investigators minimized
this risk by protecting the privacy and anonymity of each participant by creating a coding system to prevent
sensitive material from appearing with identifying information. The participants were encouraged to participate only
if they felt comfortable completing the EAT-26, food and activity diaries, and injury and menstrual history
questionnaires. Participation was voluntary. If at any time they wished to remove themselves from the study, they
could without repercussions. Participants were encouraged to contact the investigators if they found themselves in
any distress over the subject material.
Aside from their normal participation in physical activity (playing soccer, lifting weights, etc.) there were
no additional physical risks. The participants’ risk for physical harm does not increase due to participation in the
study.
Benefits
Benefits of participation in the study include awareness of possible energy inadequacies in soccer athletes
and greater awareness of the consequences of these inadequacies. Participation will also contribute to the body of
knowledge regarding the relationship between energy balance and disordered eating and the prevalence of injury and
menstrual dysfunction in these athletes.
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Chapter I

Introduction

Collegiate athletes participate in two to three hours of physical activity daily while in season and often
while out of season. This creates a high demand for energy, making it more difficult to maintain a stable body
weight.1-3 Energy balance is the difference between energy consumed and energy expended. 2, 3 A neutral energy
balance is what keeps athletes at a stable weight while providing them with enough fuel for the activity in which
they participate.2, 3 Some athletes have an increased risk of disordered eating or inadequate energy intake which
places them at risk for poor bone health, menstrual dysfunction conditions and orthopedic injuries.4-6 One condition
of particular concern in female athletes is the female athlete triad, which consists of disordered eating, menstrual
dysfunction, and poor bone health.7-11 The American College of Sports Medicine’s (ACSM) most recent position
statement on the female athlete triad suggests that it is not always a clinical eating disorder, rather unintentional
inadequate energy intake, that helps to initiate menstrual dysfunction and places the athlete at risk for low bone
mineral density.10 The co-existence of these three conditions increases both the risk of immediate injury, as well as
setting the stage for problems later in life.7-12
An abundance of literature exists on female athlete triad, disordered eating, and menstrual dysfunction in
athletes, and to a lesser extent on the effects these have on bone mineral density and resulting injuries.7-14 The
literature demonstrates how intertwined these conditions are, each eliciting the others. However, research indicates
the existence of a trend among athletes toward inadequate energy intake without the presence of a clinical eating
disorder.2, 3, 10, 14 Helping athletes consume the right amount and types of macronutrients to get them in energy
balance may decrease menstrual and bone health complications.10-12, 15-17
Although there is a solid body of research investigating these problems in female athletes, the
consequences of disordered eating in male athletes is neglected. Males, of course, cannot have the complete triad
because they cannot suffer from menstrual dysfunction. However, males are at risk for low energy intake or
disordered eating which can cause poor bone health or injury among this population.11, 18, 19 The sports medicine
team should work to recognize athletes, both males and females, at risk for these conditions so appropriate care and
education can be provided to prevent more serious future conditions.10, 14-17, 20 There should also be a greater effort to
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screen athletes before participation and provide education to them in an effort to prevent serious health issues.11, 12, 14,
15, 17

Operational Definitions
Below are the definitions of terms used in this research study.
Amenorrhea: absence of menstrual cycles for three consecutive months (90 days) or more. 4, 9, 10, 14, 23, 31-34
Anorexia Athletica: loss of weight and excessive concern about performance coupled with over exercising.
Abnormal eating habits are temporary and the condition should not be recognizable after the athlete concludes their
career.30
Anorexia Nervosa (AN): a clinical eating disorder characterized by a body mass index less than 15.1kg/m2,
amenorrhea and severe dietary restriction. To be diagnosed with AN the patient needs to meet the criteria in the
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV).6, 35
Bone mineral density (BMD): a measurement for determining bone health by examining the structure of
bone.10
Bulimia Nervosa (BN): a clinical eating disorder characterized by binge eating and purging at least two
times per week, elevated body dissatisfaction and drive for thinness scores on the Eating Disorders Inventory-2
(EDI-2). The diagnosis of BN occurs when the patients meets all of the criteria in the DSM-IV.6, 35
Dual-energy x-ray absorptiometry (DEXA): a method for measuring bone mineral density, which can help
with the diagnosis of low bone mineral density, or osteoporosis. 9, 10, 36
Disordered eating: a collection of abnormal eating behaviors such as restrictive eating, skipping meals, and
binging and purging. These behaviors can be present without reaching a clinically significant level.10
Eating disorder not otherwise specified (EDNOS): a condition determined when disordered eating habits do
not fill the clinical criteria for AN or BN.6, 22, 30
Energy availability: the remaining energy for other body functions after exercise training.10
Energy balance: a state in which a person is consuming and expending the same amount of energy, if
negative the person is expending more energy than they consume and if positive they are consuming more energy
than they use.2 A negative energy balance results when energy expenditure is greater than energy intake.
Eumenorrhea: the presence of menstrual cycles occurring in intervals of 21-35 days.10, 26, 27, 34

2

Female athlete triad: a condition based on the relationships between energy availability, menstrual function
and BMD, that can result in clinically significant pathologies represented by eating disorders, amenorrhea and
osteoporosis.10
Macronutrient: nutrients that are important to include in the diet and are sources of energy including fat,
carbohydrate and protein.15, 37
Menarche: the onset of menstrual cycles in a sexually maturing female.10, 31
Micronutrient: nutrients that are important to include in the diet, but are not sources of energy, such as
vitamins and minerals.15, 37
Oligomenorrhea: the presence of menstrual cycles is noted but at intervals greater than 35 days. 10
Osteopenia “low bone mineral density”: a bone mineral density z-score between negative one and negative
two compared to age matched controls, with risk factors such as nutritional deficiencies or stress fractures present.10
Osteoporosis: a bone mineral density z-score of negative two or less compared to age matched controls,
with the presence of other risk factors for stress fracture. 10
Primary amenorrhea: absence of menarche past the age of 15.10, 31
Restricted intake: a dietary behavior in which a person intentionally limits the amount of energy they are
consuming in an effort to lose weight or become leaner. 38, 39
Secondary amenorrhea: amenorrhea beginning after a female has reached menarche.10
Delimitations
The delimitations of this study include:
1. Participants in this research study are male and female soccer players between the ages of 18-22, this does not
provide representation of other populations.
2. Participants are Division I Mid-Atlantic region collegiate soccer players
3. Participants are all from one athletic department.
Limitations
The limitations of this study include:
1. Participants may not report exact measures of foods they are consuming
2. Participants may not report exact activities done throughout the day

3

3. The United States Department of Agriculture SuperTracker may not have all food items or activities reported
by participants.
4. Participants do not represent populations outside of Division I Mid-Atlantic region collegiate soccer teams
5. Participants do not represent the dietary practices, stressors, or paradigms outside of the athletic department
that they come from.
Assumptions
The assumptions of this study include:
1. Participants will answer questions on the EAT-26 and injury and menstrual history questionnaire honestly
and accurately.
2. Participants will record their dietary intake and activity diaries honestly and accurately.
3. Participants meet all inclusion criteria: must be a member of a varsity collegiate soccer team.
4. Participants cannot be pregnant, nor have a current injury or condition that excludes them from participation
in regular team training or competition.
5. Participants will not complete questionnaires for other participants and will not seek others to complete
questionnaires for themselves.
Statement of the Problem
The purpose of this study is to identify the existence of a negative energy balance in athletes who do not
demonstrate a risk of disordered eating, and to examine the relationship between the two. It is also to examine the
prevalence of complications related to inadequate energy intake, injury and menstrual dysfunction, in these athletes.
Energy balance in athletes is crucial for their health and performance. An under-fueled athlete will not be
able to perform and puts themselves at risk for injury or other serious conditions.9, 15, 21-26 In females, it can lead to
the female athlete triad which includes low energy availability, menstrual dysfunction and poor bone health.8, 10, 23, 27
An athlete’s negative energy balance is not always a result of disordered eating, but may simply be because they do
not consume enough calories compared to the amount that they are using during exercise.2, 3 This could occur
because the body does not signal hunger when it is deficient of energy from energy expenditure the way it does
when deficient from restricted energy consumption.2, 3
Athletes need to be aware of the risks of low energy availability and a prolonged negative energy balance;
especially the effects on bone health and reproductive health in the female.9, 15, 22 They should also be aware of
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nutritional recommendations for their population and ways to identify disordered eating and the female athlete triad
in their fellow athletes.9, 15, 28-30 To increase the recognition of disordered eating in athletes, more research needs to
be conducted examining ways to identify athletes who may be putting themselves at risk for these problems
unconsciously.13
Hypothesis
The goal of the research is to identify the prevalence of negative energy balance in athletes who do not
demonstrate disordered eating habits based on a 3-day food and activity diary and the results of the Eating Attitudes
Test-26 (EAT-26). Injury and menstrual history questions will determine the prevalence of complications related to
disordered eating in these athletes.
Null Hypothesis:
1. Athletes who are not at risk of disordered eating will be in a positive or neutral energy balance.
2. Athletes who are not at risk of disordered eating and in a positive energy balance will not have a
history of injury or menstrual dysfunction.
Alternative Hypothesis:
1. Athletes who are not at risk of disordered eating will be in a negative energy balance.
2. Athletes who are not at risk of disordered eating, but in a negative energy balance, will have a
history of injury and menstrual dysfunction.
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Chapter II

Review of the Literature

Do Athletes Have Adequate Energy Intake?
Athletes rely on optimal performance in their sport. However, not all athletes recognize the importance of
balanced nutrition and adequate energy intake in maintaining health and performance.2-4, 9, 10, 25, 40-44 Improper
nutrition can result in increased risk for injury and lead to disordered eating issues or menstrual dysfunction in
females.9, 23, 24, 31, 33, 42, 45 A combination of disordered eating, menstrual dysfunction and osteoporosis are known as
the female athlete triad (the triad).7-10, 23, 27 These conditions exist in a continuum, ranging from mild to severe
(Figure 1).10 There are athletes and coaches who do not believe that either disordered eating or menstrual
dysfunction have a negative impact on performance, or that they are dangerous conditions.14, 41, 46-48 Although there
is an abundance of literature on the effect these conditions have on female athletes’ performances, little literature
exists regarding the negative effects of poor nutrition on the reproductive function and bone health of male athlete.

Energy Availability
Titling a condition “disordered eating” implies intent on the athletes’ part not to consume the nutrients they
require. The ACSM, in its position statement on the triad, calls it instead energy availability.10 Naming this leg of
the triad in such a way creates a continuum rather than just a pathologic state.10 Energy availability is defined by the
ACSM as the amount of energy consumed through the diet remaining for other body functions after exercise training
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and can be calculated by subtracting exercise energy expenditure from energy intake.10 Energy availability is just
one important component of healthy nutritional status.2, 10 The other is energy balance which determines whether the
athlete is consuming enough energy to support the activity in which he or she participates.2 If athletes are in energy
balance they should be weight stable because they are not expending more energy than consume. Studies show that
there are some women suffering from irregular menses that are weight stable, demonstrating some of the adaptations
of the body to prevent weight loss in athletes in a negative energy balance.3, 9 The body adapts to keep the athlete’s
weight stable even though they are undernourished emphasizing the importance of energy balance and adequate
energy intake.2, 3, 9, 10 It also supports that there is disordered eating among the irregularly menstruating athletes due
to energy levels that are inadequate to support both the activity in which they participate and normal reproductive
function at the same time. Another factor regarding energy deficiency is it may not be intentional and can occur as
training levels increase.1-3 The body does not signal that it requires more energy through hunger in a person who is
energy deficient due to high activity levels, however, it does induce hunger when a person is energy deficient from
restricted food consumption.1-3, 14 However, these findings may be refuted because it was found in one of the studies1
that athletes were closer to energy balance on days with exercise. Unfortunately there is a high prevalence of
disordered eating among athletes that is also a concern.4-6, 27, 49, 50, 51, 52
Disordered Eating
Diagnosis of a clinical eating disorder requires meeting certain criteria set forth by the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV).4, 6 There are two primary eating disorders, anorexia nervosa and
bulimia nervosa; however, subclinical conditions are important as well as they can affect health and performance.
They are eating disorder not otherwise specified (EDNOS) and anorexia athletica which are determined when the
clinical criteria for anorexia nervosa and bulimia nervosa are not met but the athlete has abnormal dietary habits.11,
20, 22, 30, 32

Some of the DSM-IV criteria for anorexia nervosa are: 1) a body mass index (BMI) ≤ 15kg/m2, 2)

currently amenorrheic, 3) an elevation in the subscales drive for thinness and 4) body dissatisfaction of the Eating
Disorders Inventory-2 (EDI-2) screen for disordered eating.6, 35 For bulimia nervosa, the criteria include binge eating
and purging method two times per week for three or more months and elevated scores on drive for thinness and
body dissatisfaction subscales of EDI-2.6, 35
The prevalence of disordered eating among athletes ranges from 1% to 62% differing based on
measurement method, athlete type and gender.4-6, 27, 49, 50-52 Studies investigating energy availability or disordered
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eating are typically completed with endurance athletes or athletes participating in sports that put an emphasis on
leanness because there is thought to be a greater risk of disordered eating among these athletes.1-5, 8, 10, 13, 27, 31, 36, 45, 46,
49, 53-55

However, evidence suggests that disordered eating is not any more common among athletes in lean build

sports (gymnastics, swimming and diving, distance running, weight class sports) than it is in athletes competing in
non-lean build sports.17, 53 It is difficult to truly estimate the prevalence of disordered eating among athletes owing to
differences in sport level, sport type, gender and other risk factors.5, 6, 27, 49, 50-52 The prevalence of disordered eating
is higher among female athletes than male athletes53-56 and an athlete’s mood state or other personal characteristics
may put him or her at greater risk for disordered eating.6, 35, 53, 57-61
Athlete and Coach Knowledge of Nutrition and Disordered Eating
A good base in nutrition knowledge helps to prevent the development of disordered eating habits.47, 48
However, it should be questioned how much athletes know about nutrition, from where they get their knowledge,
and how this information affects the development of disordered eating.26, 47, 48 Research regarding athletes’
knowledge of nutrition and their practices based on their knowledge vary, with some reporting that athletes with
knowledge of nutrition ignore recommendations,48 and others reporting that athletes use the knowledge to make
healthier choices.20, 47 Athletes have expressed a desire for further nutritional education to assist them with making
dietary selections that will aid their performance.20, 46, 47 Some athletes will seek out assistance regarding nutrition,
demonstrating that they recognize the importance of nutrition in their performance, while other athletes believe
disordered eating is harmless.20, 41, 46-48
The knowledge of the coaches and other members of the athletic staff, strength coaches and athletic trainers
is important as they are a source of nutrition information athletes seek out.20, 50, 52 Among the athletics staff, strength
and conditioning coaches have been found to have the most nutrition knowledge.50 Research shows a trend that
females or those working with female athletes have better knowledge of nutrition.50, 52 Staff working with athletes
should have a good knowledge of nutrition and the appropriate ways to encourage healthy body weight or body
composition changes.20, 50-52 Disordered eating often can be attributed to the pressure, whether real or perceived, that
a coach places on the athlete to make a body weight change.20, 50 The pressure the athlete perceives is the main
reason team coaches, strength and conditioning coaches and athletic trainers must be able to identify an athlete with
disordered eating and must assist the athlete in getting the appropriate help.16, 17, 20, 51, 52
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Staff members working with athletic teams must recognize when a situation is out of their scope and the
requires further assistance from a nutrition professional.16, 17, 50-52 Ninety-two percent of coaches reported referring
athletes believed to have disordered eating on to sports medicine or nutrition professionals.51 Coaches who did not
refer to dieticians felt it was cost prohibitive and allowed them to maintain more control and access to the athletes’
information when other treatments were used.51 This scenario is risky for the athletes’ well-being because of the
serious consequences of disordered eating behaviors. Athletic professionals desire and need more education about
disordered eating and nutrition.50-52 In a survey of athletic trainers, 68.1% reported attending an education program
focusing on disordered eating,52 whereas, less than 50% of coaches reported attending a disordered eating education
program.51 More athletic trainers also completed a course in nutrition, and had greater attendance in disordered
eating educational programming.50 It is important that athletic trainers and coaches have greater access to nutritional
information as many athletes will use them as a resource for information and this information needs to be accurate.20,
50, 60

Psychosocial Risk Factors of Disordered Eating
Research suggests that social anxiety, mood state, and perfectionism play a role in risk for disordered
eating.53, 58, 60-62 Athletes are under stress from themselves, coaches, and others to fill both a social role and an
athletic role,53, 58, 62 and it is thought that added stress from both internal and external sources increases the risk of
disordered eating.6, 53, 58, 60, 61 However, some of the characteristics that make a good athlete are also the
characteristics found in someone with a higher risk for developing disordered eating.53, 58 Two studies57, 60 found no
difference in anxiety, body esteem, and perfectionism in both male and female athletes when compared to controls,
although one60 was able to support that there is an increase in disordered eating among the athletes over controls and
greater disordered eating among females than males when looking at judo athletes. The research is indecisive in
regard to attitude with one study59 finding a protective aspect of sport from anxiety and others 53, 61 finding anxiety
increased in those with disordered eating practices. Female athletes, but not males, had a significant increase in
incidence of disordered eating when they were more perfectionistic.62 It is difficult to compare all of these studies
due to different measurement tools and the different levels of participation among the athletes. Another major factor
in much of the research to consider is that those finding significant ties between disordered eating and anxiety or
perfectionism only found it among females.67, 60-62
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Body image, self-esteem, and mood are other psychosocial factors considered as potentially putting an
athlete at risk for disordered eating.6, 35, 53, 58 Body image has a direct effect on disordered eating.53, 58 Most athletes
have two body image profiles, one athletic and the other sociocultural, with athletes being more negative about their
athletic body image.58 Those athletes with disordered eating had greater body dissatisfaction on more levels than
those without disordered eating, especially those that were dissatisfied with their social body image. 58 Image is
affected by sport type.58 Women in sports defined as masculine were more dissatisfied with their bodies off the field
while those in lean sports were more dissatisfied with their athletic body.58 A low body shape/physical appearance
satisfaction and high anxiety can predict occurrence of disordered eating.53
Gender and ethnicity play a role in disordered eating with white female athletes having the lowest selfesteem, while there was no significant difference between black females and either black or white males.56 The low
self-esteem in white females was also correlated with the highest incidence of disordered eating.56 Self-esteem can
affect risk of developing disordered eating issues.6 Depressed mood is another comorbidity associated with
increased disordered eating habits.35 Research regarding mood states and self-esteem provides insight into the
psychological tone of athletes with disordered eating, and is useful in identifying disordered eating cases.6, 35, 53, 58
Screening Tools for Disordered Eating
Screening for disordered eating and the female athlete triad is very important. A good screening
opportunity for sports medicine professionals occurs during the pre-participation exam.12, 14-16 Twenty-two percent
of high schools in California screened female athletes for disordered eating, and 18% of them had a treatment
protocol for those diagnosed with an eating disorder.12 Institutions supporting athletic programs should screen
athletes routinely. Further research can refine screening tools making them more effective in detecting disordered
eating in athletes. Several tools exist to screen for disordered eating. An interview is required to definitively
diagnose a patient with disordered eating.20, 64 Screening tools determine risk of disordered eating and which patients
require a follow up interview.20, 64 Table 1 presents a variety of uses for different screening tools in the research of
disordered eating. The most frequently used disordered eating screening tools in the studies included are: the Eating
Disorder Examination-Questionnaire (EDE-Q), The Eating Attitudes Test (EAT), and the Eating Disorders
Inventory (EDI).
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The EDE-Q is considered to be the gold standard for disordered eating assessment.21 This questionnaire is
self-report and based on the EDE clinical interview31, 42, 43, 53, 62, 63 and has been demonstrated to have high internal
consistency and validity.21, 31, 32, 43 It consists of a global score made up of the scores from 4 subscales: weight
concern, shape concern, eating concern, and dietary restraint.5, 21, 31, 32, 62, 62 It also assesses the use of certain
pathogenic weight control behaviors (PWCB) like: binge eating, self-induced vomiting, laxative use and diuretic use
over the last 28 day period.5, 21, 31, 32, 62, 63 Typically, a score of 1-2 is normal, 3-4 indicates subclinical disordered
eating and 4 or greater indicates the severity of disordered eating is considered to be a clinical eating disorder.63
When determining disordered eating or an eating disorder, researchers use a score of 4 or greater on the weightconcern, shape-concern, or dietary-restraint subscales, a mean global score of 4 or more, or if they practiced any of
the PWCB two or more times in the past 28 days.21, 31, 43 ,63
The next evaluation tool, the EAT, examines three subscales consisting of dieting, bulimia and food
preoccupation, and oral control.48, 49, 60 Two versions of the EAT are used. The full EAT version consists of 40
items.57, 60, 62 A shorter version, the EAT-26, eliminates redundant questions to 26 items.49, 48 These tests are also
self-report.49, 48, 57, 60, 62 Both have good internal consistency, reliability, have been validated for anorexia and are
good for detecting subclinical disordered eating.8, 48, 49, 54, 57, 62 These tests alone do not specify the eating disorder
and require a second step of clinical interview for a diagnosis.8, 48, 49, 54, 57, 62 The EAT or EAT-26 have been validated
in several languages including: English,54, 57 Japanese,49 Chinese,49 French,60 and Turkish.61 A total score of 20 or
greater on EAT-26 is indicative of disordered eating, and those nearing 20 are at risk.33, 48, 49, 60, 62 Scoring is similar
in the full version EAT, however scores can range from zero to 120; the higher the score the greater the risk of
disordered eating.57
The EDI is also a self-report questionnaire consisting of 64 items making up eight subscales (bulimia, body
dissatisfaction, drive for thinness, ineffectiveness, interceptive awareness, interpersonal distrust, maturity fears, and
perfectionism) assessing both behavioral and psychological elements of disordered eating.26, 64, 65 Much of the
research done with the EDI uses only a few of these subscales, the bulimia, body dissatisfaction, and drive for
thinness, at one time.59, 64-66 The EDI demonstrates good internal reliability and consistency for the individual
subscales.59, 64-66 Also, the subscales of bulimia, body dissatisfaction and drive for thinness within the EDI correlate
with EAT-26.26, 65 As score increases in the EDI, the more likely disordered behaviors are occurring, but numerical
delineations determining risk of disordered eating vary based on the subscale.6, 26, 66 An advantage to the EDI is the
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consideration of personality characteristics of those with disordered eating along with behavioral habits. However, a
total score of the EDI does not well reflect disordered eating status.26 Further development of this questionnaire has
led to the creation of a second version, the EDI-2.6, 56
Several other screening tools that are not as widely used have also been validated.2, 13, 14, 20, 26 The ThreeFactor Eating Questionnaire assesses cognitive restraint, along with disinhibition of control and susceptibility to
hunger.13, 26 Cognitive restraint would be indicative of disordered eating, however athletes may be putting
themselves in a negative energy balance from the amount of activity that they participate in and not consciously
restricting energy.2, 13, 14 The Female Athlete Screening Tool (FAST) has the advantage of specifically being
developed for female athletes, and may be better at detecting disordered eating in this specialized population.20
Another questionnaire developed specifically for athletes is the ATHLETE questionnaire, using components from
several screening tools, such as the EDI, General Dissatisfaction/Loss of Control, Setting Conditions for Anorexia
Nervosa Scale and Questionnaire for Eating Disorder Diagnosis, examining not just eating habits but other
psychosocial risk factors for disordered eating.64 If no screening process is used prior to participation coaches and
athletic trainers should use other indicators like menstrual dysfunction or a stress fracture as red flags suggesting the
athlete should be examined for disordered eating.11, 14, 17
Assessment of eating habits can also be done through having the athlete report in food diaries and activity
logs.39, 44, 67 A disadvantage to food diaries is that athletes may falsify their reports to hide their disordered eating.39,
44, 67

Food diaries are done clinically when seeing a nutrition professional so dietary habits can be examined and

adjusted if needed.20, 37 Another method to report food intake is 24-hour recall.37, 67 This method requires that a
patient reports their food intake to a clinician.37, 67 However, there is a risk that patient will not be truthful or be
inaccurate in reporting their food intake.37, 67
Along with dietary intake through food diaries, measurement of energy expenditure determines negative
energy balance in athletes and the consequences of energy restriction.38, 39, 44, 67 Methods of determining energy
expenditure, in a non-controlled environment, include use of activity logs,39, 67 accelerometers,68 and doubly labeled
water.38, 68 Activity logs report volume and intensity of exercise, and activity type and use one of several calculation
protocols to estimate energy expenditure.39, 67 Doubly labeled water, is the gold standard for assessment of energy
expenditure outside of the laboratory where calorimetry is not available.38, 68 Accelerometers are accurate, and
depending on the tool and activity level, can have results close to those of doubly labeled water.68 They are,
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however, more accurate in group measurements rather than individuals, and still require validation against
calorimetry.68 Activity logs and calculation of energy expenditure from intensity, duration, and type of activity is not
the most accurate form of assessment, however, it is simple and easily done.39, 67
Consequences of Disordered Eating
Disordered eating can result in different complications varying from decreased performance to death,
depending on the severity of disorder.4, 5, 9, 10, 24, 45 Disordered eating does not have to be cognitively present, and can
result in a decrease in performance or less serious complications.2, 10, 13, 26 An athlete’s nutrition status can be
examined to determine his or her risk for decreased performance, injury, or other complications. The research
investigating the nutrition status of athletes is conflicting.39, 67, 69 Elite female soccer players had a mean daily energy
intake that was significantly lower than the mean estimated energy expenditure.67 Athletes in a negative energy
balance can persist at a high enough activity level that they may end up suffering from the sequelae of disordered
eating.67 Injury prevalence or incidence was not investigated in this study, which does not allow for comparison of
diet to these complications.67 The dietary intakes among elite Greek female athletes were similar.39 Except for
volleyball players, the athletes were in negative energy balance during their competitive season.39 However, there is
research that suggests the dietary intake of athletes is closer to recommended dietary allowances (RDA) than a
control group.69 However, this study did not take into account the significantly greater energy expenditure in
athletes.69 Several studies examining the prevalence of disordered eating in athletes showing a greater population of
athletes suffer from disordered eating than non-athletes have been completed.5, 24, 66 A different study contradicts this
conclusion, which may be a result of the athletes level of participation.22 In collegiate athletes, 34.75% of female
athletes and 9.5% of male athletes are at risk for anorexia nervosa, while 38% of female and male athletes are at risk
for bulimia nervosa.56
Exercise has great physiologic effects on the body requiring proper fueling through nutrition to allow the
body to recover and adapt to the demands placed on it.44, 70 An examination of minerals in the plasma and urine after
a marathon run showed that there was a significant increase in the concentration of iron after the run, which could
result in damage from free radicals.70 Ensuring adequate nutrition and consumption of antioxidants would help the
body to recover and protect against further damage from the free radicals.28, 45 There is no doubt there are benefits to
exercise, such as increased strength, bone density, and psychological benefits;71 however, if not adequately fueled or
if the body is not given what it needs to heal, exercise can be damaging.28, 45 The volume and intensity of exercise
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plays a role in the development of a decrease in lean body mass, menstrual dysfunction, and injury, particularly to
bone.34, 44, 71 Consequences that result from disordered eating include: decreased immune function, increased risk of
cardiovascular disease, menstrual dysfunction, and musculoskeltal injury.9, 15, 21, 26
Menstrual Dysfunction
The second component to the female athlete triad is menstrual function.8-10, 27, 32, 48 This component is
defined by conditions occurring along a spectrum starting with eumenorrhea and moving to amenorrhea.10 Several
factors which affect menstrual function need monitoring to ensure the female athletes are not at risk for illness or
injury.10, 12 Factors include inadequate energy intake, a low body fat percentage, high intensity and/or volume
training. 3, 7, 9, 10, 14, 23, 26, 31, 32, 34, 36, 72-74
Defining Abnormal Menstrual Function
There are several classifications of abnormal menstrual function.3, 7, 10, 23, 26, 31, 33, 34, 71-74 One issue within the
research is the differing definitions of what a normal menstrual cycle is, versus an abnormal cycle. There are three
terms that are used as general classification of menstruation. 3, 7, 10, 23, 26, 31, 33, 34, 71-74 They are eumenorrhea (normal
menstruation), oligomenorrhea (infrequent menstruation) and amenorrhea (absence of menstruation).3, 7, 10, 23, 26, 31, 33,
34, 71-74

Eumenorrhea is usually defined as 10-13 menstrual cycles per year33, 36, 72-75 or a cycle length between 28 and

35 days,34 26 and 32 days,26 or 25 and 35 days.27 Oligomenorrhea is defined as four to nine menses per year,7, 36, 75
four to six menses per year,33 or missing menstrual bleeding in the previous year but for time periods less than three
consecutive months.34 Some also define oligomenorrhea based on the number of days between cycles usually
defining it as less than 21-26 days or more than 32-42 days.9, 10, 23, 26, 27, 31, 32 Amenorrhea can be further broken up as
either primary or secondary. Primary amenorrhea is commonly defined as menarche after the age of 16.7, 23, 32, 71
However, the 2007 ACSM position stance on the female athlete triad defined a delay in menarche past the age of 15
as primary amenorrhea because menarche is occurring earlier.10, 31 Secondary amenorrhea is described as the
absence of menses for three or more consecutive months.4, 9, 10, 14, 23, 31, 34 Others will define amenorrhea as a longer
absence, such as six months,23, 27 1 year,72 or 4 years.74 Still others, define amenorrhea as having three or fewer
cycles per year.7, 33, 36, 75 The many different definitions of these three terms complicates making comparisons among
research regarding menstrual function.7, 9, 10, 23, 36 One definition should be agreed upon and adopted to enable
comparison between studies.7, 9, 10, 23, 36
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Causes of Menstrual Dysfunction
Energy balance is very important for menstrual function.3, 9, 23, 31, 34, 36, 73, 74 One theory concerning menstrual
dysfunction is it is an adaptive response due to low energy availability from a negative energy balance.3, 14, 23 The
low energy availability causes the body to stop reproductive function to preserve energy for more vital functions.3, 14,
23

Previous research showed that the prevalence of amenorrhea in runners increased from 3% to 65% as training

mileage increased from less than 8 miles per week to greater than 70 miles per week.9 Further research supports this
finding with the conclusion that although eumenorrheic athletes and amenorrheic athletes may have a similar energy
expenditure because of a lower energy intake in the amenorrheic athletes they were in a large negative energy
balance.3, 34, 74 Evidence suggests that intensity of exercise does not play a large role in menstrual function but
volume of exercise does.34 However, different definitions of intensity require that this evidence be used cautiously.34
Restrained eating habits also play a role in menstrual dysfunction,71, 73 which suggests that a negative energy balance
precipitates menstrual problems.71, 73
A slower frequency of the release of luteinizing hormone is thought to affect menstrual function.7, 9, 26, 36
With less than 30 kcal/kg fat free mass/day of energy availability, reproductive function is suppressed.9 Only one
study did not support a relationship between menstrual dysfunction and intensity or volume of training.73 However,
the subjects of the study were runners of the ultra- and half-marathon of the Two Oceans, and both had a high
volume of training.73 A high volume of training in all of the subjects may make the effect of training less noticeable
because both groups are in a large negative energy balance.73 It is important to recognize that training volume affects
energy balance.7, 9, 26, 36
Some research speculates that percent body fat or body weight has a role in menstrual dysfunction.7, 23, 36, 71,
72

Research testing critical fat threshold has found that both amenorrheic athletes and eumenorrheic athletes have

similar body fat percentages.7, 23, 36, 72 Evidence supporting less dietary fat and total kilocalorie intake occurring in
amenorrheic athletes than in eumenorrheic exists.3, 9, 23 This evidence suggests that energy balance and fat intake, not
body fat, is important in menstrual function.3, 9, 23 Although body fat percentage and body weight do not play a role
in cessation of menses, there is evidence in a population with disordered eating that with an increase in weight
menses will resume.71, 73 The evidence of a relationship between body fat or body weight and menstrual function is
conflicting and more research needs to be done to determine definitively if it plays a role in dysfunction. 7, 23, 33, 36, 71,
73
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The relationship between body mass index (BMI) and menses has also been investigated with conflicting
results.33, 73 One study33 found no correlation between menstrual function and BMI and another 73 found women with
lower BMI have a history of menstrual dysfunction. Further research is required to have a clearer perspective of the
relationship between BMI and menstruation.33, 73
The bodies of young athletes are very sensitive to energy restrictions. 32, 71, 72 Those going through puberty
had greater growth while energy balance was more positive.71 Amenorrheic females experience menarche six
months later that eumenorrheic females.32 Athletes who started intense training before menarche had greater
incidence of delayed menarche and menstrual irregularity.72 However, in athletes that are high school aged or
adolescents, some caution needs to be used when studying menstrual function because the first few years of
menstruation can be irregular for many adolescents.31-33
Significance of Abnormal Menstrual Function
With the cessation of menses consequences occur. Although amenorrhea does not have a direct effect on
performance the other hormonal changes that occur with amenorrhea do have a negative impact on performance.9 It
is very important that athletes and coaches know about these serious health consequences because a large number do
not feel that menstrual dysfunction has a significant negative impact.14, 51 Some see menstrual dysfunction as a sign
of fitness.14, 51 In a survey of National Collegiate Athletic Association (NCAA) coaches, 1.3% felt amenorrhea was
normal and not serious, 14.5% as not normal but not harmful, 36.5% as normal but they believed it should be
assessed and 47.7% as not normal and needing referral to a health care provider.51 Athletes need to understand the
risks associated with menstrual dysfunction so they will recognize it is not a positive sign for training.9, 14
Menstrual dysfunction results in altered hormone levels, which has a negative effect on bone mineral
density (BMD) and development of peak bone mass in female athletes.9, 26, 32, 36, 71-74 Peak bone mass has been
connected with age of menarche and amenorrhea.9, 32, 71 Significantly lower bone formation and resorption markers
have been found in amenorrheic runners, and women with menstrual dysfunction have lower bone mass compared to
age matched controls.36, 72, 74 The bone loss in load bearing parts of the body where stress fractures could result is a
concern to the athletes and sports medicine professional.36
Amenorrhea results in greater risk of stress fractures, vertebral compression fractures, femoral head
collapse, scoliosis and decreased muscle function.9, 10, 36, 71, 74 Eighty-three percent of a female population with
scoliosis had delayed menarche versus 54% of females without scoliosis.71 The consequences of menstrual
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dysfunction are severe for athletes and can result in a loss of time from participating in sport.9 There is a correlation
between the number of months an athlete is amenorrheic and the number of stress fractures suffered resulting in time
away from sport.9 The amount of bone loss depends on the duration of amenorrhea due to reduced bone turnover.32,
74

Suboptimal peak bone mass due to amenorrhea may not be completely reversible, although there is an increase of

BMD seen with a resumption of menses.32, 73 There is a protective factor correlated with physical activity, resulting
in increasing BMD.32, 71, 75 However, with inadequate nutrition and menstrual dysfunction compounding each other,
the protection of exercise may be negated, or physical activity may even cause more damage.32, 71, 75
Screening
Screening for menstrual dysfunction consists of gathering menstrual history and the athletes’ current
menstrual status.26, 27, 31, 32, 36, 72, 73 Specific information gathered includes: age at menarche, regularity of cycles both
current and past, the number of cycles experienced per year, use of oral contraceptives, any past pregnancies, length
of menstrual cycles, and frequency of cycles.26, 27, 31, 33, 36, 72, 73 Pre-participation exams should include questions
regarding the patients menstrual history.31, 32 Determining whether an athlete is eumenorrheic, oligomenorrheic or
amenorrheic is resolved from the menstrual history and current menstrual status.26, 27, 31, 32 Adolescent athletes may
experience irregular menstrual function during the first few years after menarche, so classification of menstrual
function in these athletes should be done carefully.31-33 In this situation, it is also important to define an age for
primary amenorrhea.10, 23, 32
Bone Health
Bone health has the most direct impact on performance and is greatly influenced by disordered eating and
menstrual dysfunction.9, 10, 32, 36 The ACSM defines bone health as a continuum between optimum bone health and
osteoporosis which are determined by a measurement of BMD.10 A majority of BMD is accrued while the athlete is
young.9, 32, 71 Standard deviation from the mean age matched BMD is used to determine health of bone.10 Not all
studies examining the prevalence of the female athlete triad use BMD as the third measure of the triad. Some instead
use past injury or calcium intake to judge risk for poor bone health.27, 48 An athlete’s injury history is important to
consider when suspecting the female athlete triad.18, 19, 43, 71 It is more likely that this will be available rather than a
past measurement of BMD, so the relationship between injury history and risk of the female athlete triad is
important.18, 19, 43, 71 Acute fractures, a result of trauma, are not indicators of low BMD.18, 43, 76,-80 However, stress
fractures are more likely to signal poor bone health. 18, 43, 76-80
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Diagnosis of Low Bone Mineral Density
Osteoporosis comprises the pathologic end of the bone health continuum. 10 Measurement of BMD is
important in determining the athletes’ risk for osteoporosis and the triad.9, 10, 27, 36 The gold standard for measurement
of bone mineral density is dual-energy X-ray absorptiometry (DEXA) scanning.13, 21, 22, 25, 40, 75, 81-83 The values from
the DEXA measurement are used to determine if the athlete has a low BMD compared to age matched norms and
whether the athlete is at risk for osteoporosis or osteopenia. Osteoporosis is a deteriorated condition of the bone
which exposes the athlete to greater risk of fracture.9, 10, 14, 27, 36, 82 Osteopenia, which is a lower BMD than normal
but not at levels low enough to be classified as osteoporotic, is an indicator of poor bone health.10, 32, 74 The World
Health Organization (WHO), International Society for Clinical Densitometry (ICSD) and ACSM use measurements
of BMD for the diagnosis of osteoporosis.10 WHO criteria states that Z-score values one standard deviation below
age-matched, sex specific references is low BMD.10, 21, 32 However, the ISCD recommends a Z-score two standard
deviations below age-matched, sex-specific references as low BMD and that these criteria not be applied to premenopausal women.9, 10, 21, 32 There is disagreement over the criteria for the diagnosis of osteopenia in a premenopausal population with the focus instead being on the patients’ bone health.9, 10, 21, 32 Although low BMD is used
to determine osteoporosis and osteopenia it is not the only factor putting an athlete at risk for fracture.10
Factors of Bone Mineral Density
There are several factors that affect BMD, including: physical activity, sport type, age, height, weight,
BMI, disordered eating and menstrual function.21, 22, 25, 40-42, 72, 74, 75, 83
Sport type plays a role in increasing BMD.75, 83 Weight bearing physical activity has been shown to help
protect and build bone through the adaptation to the increased demands placed on the bone.25, 40, 42, 72, 75, 78, 83 The
increase in BMD from weight bearing activity is a benefit; however, menstrual dysfunction can negate this benefit
or even exacerbate bone loss with physical activity.25, 32, 40, 71, 72, 75 BMD in athletes competing in ball sport such as
soccer, field hockey and softball is higher than in those competing in sports such as cross country, track and field,
and swimming and diving which all had lower than average BMD.75, 83 The higher BMD in ball sport athletes
suggests varied forces such as those experienced in soccer from cutting and changing directions could provide more
of a benefit to strengthening bone than sports that have repetitive forces.75, 83 It also suggests benefit from weight
bearing activity because swimmers showed low BMD.75 Athletes participating in non-impact endurance type sports
have more injury with overuse injuries accounting for 68.9% of injuries.42 Also, more lean build athletes-- cross
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country, diving, swimming and track-- are at greater risk for low BMD than non-lean build athletes-- field hockey,
softball, tennis and field event athletes.22 The trend of lower BMD in lean build athletes could be the result of the
higher incidence of menstrual dysfunction among these athletes but there is no research to support this. 22, 33, 83
Disordered eating and amenorrhea have a role in bone mineral density.21, 22, 25, 40-42, 72, 74 With disordered
eating, the athlete may not be consuming adequate amounts of nutrients needed to support development of bone.21, 22,
25, 40-42

The two conditions also disrupt the hormonal cycles regulating the thyroid, growth, menstrual cycle and

stress hormones.21, 22, 25, 40-42 Elevation of the concentration of the stress hormone, cortisol, is connected to elevated
dietary restraint and negatively effects bone formation, bone resorption and calcium absorption.21, 41 Low levels of
calcium, vitamin D, and vitamin K disrupt bone formation.25, 40-42 Low levels of these nutrients can result from
gastrointestinal problems preventing absorption or from restrained eating.21, 41, 42 Elevated eating restraint is the
disordered eating behavior most associated with low BMD.21, 25, 41, 42 Other pathologic eating behaviors without
concurrent eating restraint are not associated with low bone mass.21, 25, 41, 42 There is an independent effect of
disordered eating on BMD that is not a result of the interruption of hormones that cause menstrual dysfunction.21, 22,
41

Anorexia nervosa patients compared to amenorrheic controls without disordered eating and similar levels of

estrogen had lower BMD.41 Starvation results in a decrease in the release of growth hormone (GH) and insulin-likegrowth factor I (IGF-I) which also leads to poor bone health.41 The bone loss in athletes with disordered eating and
menstrual dysfunction may not be reversible although administration of IGF-I increased weight and resumption of
menses have increased bone formation.41
Amenorrhea has an independent negative effect on BMD.1, 25, 40, 41, 72, 74 One study40 found amenorrhea was
the only significant predictor of bone loss and another25 found it is the most important determining factor of BMD.
Amenorrhea results in suppressed estrogen levels in the body.25, 74 Evidence is conflicting regarding the relationship
between estrogen levels and breakdown of bone.25, 74 Despite the conflicting evidence there is agreement that
markers indicating bone formation are lower in amenorrheic athletes.25, 74
The length of time an athlete is amenorrheic affects the amount of bone they have lost. 25, 40, 42, 74 The lowest
BMD is found in runners with the shortest history of eumenorrhea.25 However, there is no significant correlation
between years amenorrheic and BMD.25 Lack of a significant correlation could be a result of the large initial bone
loss with amenorrhea that slows as the length of time amenorrheic increases.74 Amount of bone loss varies so it does
not show a significant correlation between length of time amenorrheic and low BMD.74 Regardless, there is a greater
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bone loss in amenorrheic athletes.40, 41, 72 BMD in previously amenorrheic athletes did not differ from age matched
controls; a positive sign suggesting they can rebuild some of the bone mass lost while amenorrheic.25 However, the
age matched controls are not all athletes.25, 40, 42 Athletic population have greater BMD due to the beneficial effects
of physical activity.25, 40, 42
The age at which training starts can have both a positive and negative effect on BMD.25, 40, 41 A younger
start to training has a beneficial effect on the femoral trochanter, but is detrimental to the lumbar spine’s health.25, 40,
41

Age at start of training is inversely correlated with the number of years a female is amenorrheic.25, 40 The stresses

placed on the body from exercise do effect athletes at a young age, ultimately affecting peak bone mass and
performance.25, 40 Height, weight, BMI and percent body fat are also significantly associated with BMD.25
Bone Injury
Physical activity has benefits, but athletes participating in sport have a greater risk for injury due to the
nature of their activity.19, 71 Some injuries have serious consequences and can result in time lost from participation.
Available data suggest that there is usually no long term disability from a fracture.18 However, with concurrent
conditions such as disordered eating and menstrual dysfunction, healing from injury takes longer and requires more
time out of sport.43 Another complication that can arise in athletes with disordered eating, menstrual dysfunction and
low BMD is stress fracture.18, 43, 79 Overuse injuries are more common in endurance sport, with stress fractures most
common in cross country and track and field in males, and soccer in females participating in college athletics.18, 19, 79
Stress fractures account for 22.9% of all fractures in college athletes.18, 19, 79 Those with a history of fracture have a
greater risk for future fracture, so those with stress fracture can lose a lot of time to injury.18
Themes in Sport Type
Sport type plays a role in incidence of stress fracture.76, 86 Stress fractures are estimated to account for
0.5%-27.3% of all sport injuries.76, 78, 84-86 Sixty-one percent of a population with stress fractures were distance
runners, and there is an estimated 8.3-53% incidence of stress fracture among runners.76, 86 Further research has
found running or other aerobic activity causes most stress fractures.76, 79, 80, 85 In one study, a population of collegiate
athletes suffering from stress reactions or stress fractures of the femur consisted of 52% cross country/track and field
athletes, 25% lacrosse players, 12% field hockey players, 12% rowers, and 4% football players.85 This population
demonstrates the common finding of stress fractures occurring to running athletes.76, 79, 80, 85, 86
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Participation in ball sports has a protective factor from bone stress injuries.78 Across three studies done
among military recruits the incidence of stress fracture ranged from 18.8%-28.9% in athletes with no history of ball
sport and 3.6%-16.7% among those with two or more years of playing ball sports before beginning basic training
and 16.3%-24.6% among both groups.78 All three studies demonstrate the protective factor of ball sports.78
Alternatively those participating in swimming, an anti-gravitational sport that puts a lower load on bone, had a
higher incidence of stress fracture than those with no history of sport.78 The protective factor of ball sports that was
found was only in regards to stress fracture and these sports have a higher incidence of osteoarthritis. 77 Runners,
however, were found to have no greater incidence of osteoarthritis than a control group. 77
The protective factor of ball sports may not be from just the type of activity, but also the participation in
any activity.80, 81, 87, 88 Entry level, less fit, less experienced, younger athletes have a greater incidence of stress
fracture.80, 81, 87, 88 Timing during the season is also important to note. 85 Forty-eight percent of stress fractures and
stress reactions in the femur of collegiate athletes in one sample occurred during the pre-season.85 Some athletes
come in to pre-season out of shape and begin a high intensity and volume of activity before regaining their fitness.85
In contrast 36% occurred in mid to late season and only 16% occurred in the post season.85 This stresses the
importance of pre-training and making sure athletes are starting the season fit.78, 85
Adaptability of Bone
Knowing Wolff’s Law is important to understanding bone health and the cause of stress fractures. Wolff’s
Law states, “Every change in the form or function of bone or of their function alone is followed by certain definite
changes in their internal architecture, and equally definite alterations in their external conformation, in accordance
with mathematical laws.”78 (pg.1) In essence bone will adapt to the stresses placed on it.78, 85 Stress is placed on bone
everyday with activities of daily living, and these normal strains range from 400-1500µε (microstrain).86 To reach
failure in a single load the strain needs to be 10,000µε, but failure can also result from repetitive loads below this
threshold.77, 80, 84, 86 Repetitive submaximal loads causing damage to the bone without time to recover and adapt to
the new stresses or levels of stress result in stress fracture.80, 84, 85, 87, 89 The stresses placed on bone may result in one
of two types of stress fracture: 1) fatigue, which is the effect of repetitive stress placed on normal, otherwise healthy
bone without giving it the time it needs to recover or 2) insufficiency, normal muscle activity on weakened bone.85
Either type may be seen in athletics.21, 22, 25, 40 Some athletes have weakened bone resulting from disordered eating
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and menstrual dysfunction.21, 22, 25, 40 A flow chart depicting the pathology of a stress fracture can be seen in Figure
2.86

Participation in training exacerbates bone loss on already weekend bone resulting in insufficiency stress
fractures.85 Strains placed on bone have been found to be 1.96-4.5 times higher in running versus walking with the
highest rates being found during sprinting, multi-direction running, and running up and downhill.78 There is also a
difference in the strain placed on bone between over ground running and running on a treadmill, with over ground
running placing higher stress on the bone.77 However, the load placed on bone during over ground running is
distributed over a greater area, lessening the load at each point.77 Because lack of rest is a factor in causing stress
fractures it appears that intensity and volume are also connected with their occurrence.73, 76, 80, 81, 84, 85 One study82 did
not support that there is a relationship between training and incidence of stress fractures, but more76, 80, 81, 84, 85 have
evidence supporting recent increase in mileage, training or intensity, or other changes in training are connected to
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incidence of stress fractures. This connection suggests stress fractures occur during the most active part of an
athletes’ career, when their training is most intense.76 Research has found about 50% higher intensity of training in
active-duty army women with stress fractures than those without.80, 81 However, inconsistency in defining intensity
complicates comparison of different studies. BMI is another variable that affects incidence of stress fracture with a
higher BMI benefiting BMD, but also increasing risk of stress fracture.81
Disordered Eating, Menstrual Dysfunction and Bone Mineral Density
Wolff’s law expresses how stresses placed on bone help it to adapt and become stronger. Bone is turning
over constantly and quickly adapts to changes in the body.78 Disordered eating and menstrual dysfunction negatively
impact BMD and bone health quickly because of this ease of adaptability.73, 76, 81, 82, 85 Athletes with stress injuries
have an increased chance of suffering from disordered eating and menstrual dysfunction.73, 76, 82, 85 These two
conditions play a role in the BMD of a person as well.73, 82 This relationship is demonstrated by findings supporting
that a control group had significantly more calcium intake in their diet than the sample population with low BMD.73,
82

Low BMD is tied to higher risk of stress fracture at the femoral neck and lumbar spine.81, 82
The effect that menstrual dysfunction has, particularly amenorrhea, is harmful to the athlete and awareness

should be raised. Females can lose 2-6% of their bone density per year when amenorrheic and may eventually lose
up to 25% of their BMD.85 Fortunately, this bone loss may be reversible as there has been no association found
between BMD and previous menstrual problems.82 Although sometimes used as a treatment to prevent the negative
effects of amenorrhea, different methods of birth control have not been found to have an effect on risk of stress
fracture.81, 88
Risk Factors
With training intensity and volume having ties to incidence of stress fracture it follows that risk factors
include distance running, fitness level, and rapid increases in training intensity.76, 80, 81, 85, 88 Several researchers have
found increased incidence of stress fracture in those with lower levels of fitness.80, 81, 86 Caution should be used when
beginning intense exercise regimens, and intensity should not be increased too quickly.80, 81, 88 Other risk factors can
be separated into environmental risk factors, biomechanical or genetic risk factors, and lifestyle risk factors.
Environmental risk factors include hard surfaces, equipment, and changes in training.80, 85, 86 Biomechanical and
genetic risk factors are closely intertwined with some biomechanical issues resulting from a genetic
predisposition.81, 86 Research is inconclusive about the role sex plays in risk of stress fractures. 81, 85, 86 Some81, 85
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research supports that females have a greater risk of stress fracture whereas others86 have not found support for this
conclusion. Things such as age, race, leg length and gait are classified as risk factors as well.76, 81, 85, 87, 88 Research
examining age and stress fracture incidence have found younger athletes have a greater risk.76, 87 This could be a
result of lower fitness level or greater incidence of disordered eating in young athletes.76, 87
Lifestyle also greatly affects level of risk for stress fracture. A very important part of bone health is
nutrition.73, 81, 82 Disordered eating habits limit important nutrients needed to maintain and strengthen bone including
calcium and vitamin D.73, 81, 82 High protein or fiber intakes may increase risk of stress fracture or low bone mineral
density.82 Amenorrheic females have a greater intake of dietary fiber, which may prevent the absorption of essential
nutrients, but this has not been supported by research.9, 23, 82 Controls consume more calcium, a very important
nutrient to include in the diet.82 Genetics, disordered eating, or a combination of the two can lead to menstrual
dysfunction which is also a risk factor for stress fracture.76, 88 Delayed menarche, amenorrhea or oligomenorrhea,
result in changes in hormones and have a negative impact on bone mineral density and lead to stress fracture.76, 81, 82,
88

Injury Sites and Signs and Symptoms
Most injuries are to the lower limb.80, 82, 84, 87 Stress fractures occur most frequently on the dominant side
with the most common sites being the tibia, fibula, feet and pubic ramus.76, 80, 82, 84 One study found 76% of stress
fractures in the sample population to be in the tibia.80 Stress fractures in the femur are less common, but when they
do occur the fracture is most often in the femoral neck.82, 84 When examining the incidence of stress fractures in just
the feet the most common sites are the tarsals, especially the navicular accounting for 15% of all stress fractures,
followed by the metatarsals.80, 89, 90 Stress fractures at the same site are rare, but multiple stress fractures in one
athlete are not uncommon.76
There are several key indicators when evaluating an injury suspected to be a stress fracture. The risk factors
that the athlete has should be noted: history of delayed menarche, low bone mineral density (if known) or recent
changes in training.80, 84 Changes in training include: change of surface, intensity, volume, frequency or different
footwear.80, 84 Their foot type should also be examined, even if not an injury directly to the foot.80, 84 High arches,
flat feet, over supination while walking or running, and several other structural and biomechanical deviations can
put stress on bone causing a stress reaction or fracture.84 There is no history of related trauma with stress fracture
and symptoms have a slower onset, are vague or hard to localize at first and become more focused as the injury
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progresses.80, 85, 87, 90 During examination the patient will usually have localized bony tenderness, but injury at some
sites like the navicular can be difficult to pinpoint.87, 89, 90 Some may express general tenderness around the bone.87,
89, 90

A non-weight bearing position will feel more comfortable and pain is associated with exercise and in some

cases at rest.85, 87 Special tests also provide evidence of a stress fracture such as the hop test and fulcrum test which
are both very sensitive; however, the fulcrum test is only for stress fractures in the femur.84, 85
Diagnosis of a Stress Fracture
Stress fractures are confirmed using radiologic imaging. 76, 80, 82, 84, 87, 89, 90 Many doctors will start with
radiographs and then use either bone scintigraph, computed tomography scan (CT) or magnetic resonance imaging
(MRI) to diagnose a stress fracture.76, 84, 89 Although radiographs are taken they show a fracture line in 30-70% of
cases at symptom onset.84, 87, 89 MRI is considered the gold standard for imaging, but CT scan is more sensitive when
looking for a fracture line.85, 87 MRI has good specificity and detects medullary extension and is able to differentiate
between periosteal and bone marrow edema.84, 87,89 Bone scintigraph, which was the preferred imaging, is not as
sensitive as the now more common MRI or CT scans.82, 84, 89, 90 DEXA is used to determine BMD and to figure out
the patient’s risk for osteoporosis and stress fracture but not in detecting a stress fracture.82 Arendt et al. created a
spectrum to grade stress reactions and stress fracture as seen in Table 2.87, 91 This spectrum uses MRI images to
classify the injuries.85, 87

Treatment
The primary treatment of a stress fracture or stress reaction is rest.80, 84, 85, 87, 89 The earlier the injury is
diagnosed the more favorable the prognosis; delay lengthens return to activity.84, 89 The length of time out of sport
depends primarily on the location and severity of injury.80, 85, 87, 89 Grading the injury makes estimation of return to
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activity easier.80, 85, 87, 89 One author87 found a significant correlation between return to sport and grade of injury.
Time out of sport ranges from 4-6 weeks to12-18 weeks.80, 84, 85, 87 Injuries to the upper third of the tibia, femoral
neck or shaft, pelvis, ulna and vertebral arch usually take longer to heal than stress fractures in the foot or lower
tibia.80, 87 Stress fractures in the foot were found in one sample population to be a graded higher than other sites at
the initial visit.80, 87 While out of sport the athlete may need to be non-weight bearing or immobilized if he or she is
experiencing pain with walking or at rest.80, 85, 89 Treatment plans developed recommend a four phase approach
moving from non-weight bearing, to pool work outs, to limited training and finally ending with full participation in
normal training.84, 85 A flow chart of this treatment plan can be seen in Figure 3.84 It is recommended that these
phases are progressed through three week periods.85

If not treated appropriately stress fractures cause further complications, particularly in the femur.84
Complications may require an alternative to conservative treatment.80, 90 Surgical intervention is used to internally
fixate the bone.80, 90 There is no significant difference in pain response or function after surgery compared to
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conservative treatment and both have positive results.90 Because there is no significant benefit of surgical
intervention over conservative treatment, conservative treatment should be pursued initially to avoid the risks
associated with surgery.80, 90 Surgery should only be done at the failure of conservative treatment. 80, 90
The Female Athlete Triad
The continuums that energy balance, menstrual function and bone mineral density fall along are what
comprise the female athlete triad.7-11 The term “female athlete triad” was first coined in 1992, and the first ACSM
position stand was released in 1997.8, 10, 36 An athlete had the female athlete triad when they suffered from a clinical
eating disorder, amenorrhea, and osteoporosis.7, 8, 10 The initial criteria for the female athlete triad were stricter in the
1997 position stance and did not allow identification of all those that were at risk.7 The new position stand from the
ACSM released in 2007 has changed the criteria because athletes are at risk for injury when the conditions are
subclinical.7, 9, 10, 12, 13
The disordered eating and energy availability aspect of the female athlete triad is the root problem of the
disorder.8, 12, 13, 16 Low energy availability or disordered eating lead to menstrual dysfunction and low BMD or other
health issues.10, 12, 27 The most common type of disordered eating is inadequate energy intake compared to energy
expenditure.9, 14 Ad libitum eating does not compensate for the energy lost through exercise.9, 14 Eating disorders are
expressed through low energy availability, however, a low energy availability does not always mean there is an
eating disorder present.9, 10, 13, 14 Patients may present with disordered eating habits not meeting the criteria for a
clinical eating disorder.10, 27 These subclinical conditions can still have serious consequences on the health of the
individual.10, 27 The incidence of subclinical disordered eating is increasing, with EDNOS accounting for 50% of all
eating disorders.27 These subclinical conditions should still be monitored and treated carefully to prevent a limiting
injury or serious issues in the future.
Low energy availability is one factor that can lead to menstrual dysfunction.27 Low energy availability can
result from increased energy expenditure through exercise, decreased energy intake or a combination of the two.27
Menstrual dysfunction and even the female athlete triad are most commonly found in sports emphasizing leanness
such as running.10, 12, 27 Those at a higher risk of suffering from menstrual dysfunction also tend to begin training
earlier, usually before menarche, and train at a higher volume 27
The third condition of the female athlete triad, low BMD, is greatly affected by the other two conditions.7,
10, 27

The negative effects are cumulative, and an athlete with any of these conditions may never reach an age
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appropriate BMD and have a premature decrease in BMD.10, 27, 36, 71 One study demonstrates the impact of
disordered eating and menstrual dysfunction on female athletes.7 Those who do not having either condition have
significantly higher BMD at the lumbar spine.7 An athlete who has the three conditions of the female athlete triad
will be at greater risk for stress fracture, infertility, irreversible bone loss and even cardiovascular conditions.7, 10, 12
Identifying the triad is only the first step in ascertaining the dangers it presents. It is challenging to identify
the triad in athletes because many attempt to deny the presence of the components so it is goes underreported or
unrecognized.7, 10, 12 Components may be hidden because they are less obvious, such as an athlete suffering from
oligomenorrhea versus someone who has amenorrhea, so it is important to know the relationships between the
components and that each runs along a continuum.7, 10 The athlete with oligomenorrhea may not feel that their
menstrual dysfunction is a problem and may not report it because they are still having menses. One step to solving
the problem of underreporting is making sure that athletes and coaches are educated about the condition and the
dangers it places on the athlete.12, 27 Some colleges and high schools provide educational programs, but not all of
them require attendance.12 Screening for the female athlete triad, or its components should become a routine part of
the pre-participation exam or if an athlete presents with one of the components.10,12 Screening during the preparticipation exam should at least include a medical history that collects menstrual history, dietary practices,
exercise habits and past injury history.10, 12 Collecting this information will provide an indication of the risk of each
athlete for the female athlete triad.10, 12 If screening needs to be more in depth, lab profiling will shed light on the
severity of nutritional deficits, menstrual dysfunction and poor bone health.10
Risks and Effects
The first step in dealing with the female athlete triad is recognizing it. To identify the triad, risk factors for
the components and their potential effects should be known.10-14 There is a greater risk for the female athlete triad
among athletes competing in sports emphasizing a lean build or athletes classified by weight.11, 17, 28 Although, some
research suggests equal frequency of the triad among all types of sport.11, 17, 28 Athletes competing at an elite level
are at a greater risk of developing disordered eating and the triad.11, 28 Disordered eating precipitates the other
components of the triad and can occur as a coping strategy adopted as a way to deal with several psychological or
physical issues.11, 14, 16, 20 These include: depression, fear of gaining weight, dealing with an injury or condition
interfering with training, displeasure with performance, low self-esteem, family dysfunction or abuse.14, 16, 20
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Lack of crucial nutrients in a diet defined by disordered eating practices changes hormonal balances
creating menstrual dysfunction and not allowing healthy growth of bone.11 Menstrual dysfunction that develops in
the female athlete inhibits healthy bone formation and creates an environment where bone may deteriorate faster.12,
13

The severity of the menstrual dysfunction also affects how quickly the bone loss occurs, which happens because

the body is constantly breaking down and redeveloping bone.16 If the nutrients needed to rebuild bone are not
present, then bone will weaken,11, 15, 16 which is an issue because the bone loss is happening when the athlete should
be building bone.12, 14 By the age of 20, sixty to seventy percent of a persons’ peak bone mass is reached.12, 14
Injuries that result from the triad are frequently chronic including: stress fractures, soft tissue injuries, and
muscular dysfunction.10, 16 The soft tissue injuries include tendinopathies and muscle strains that will be recurrent
and take time to heal.16 The triad also plays a role in cardiovascular, endocrine, reproductive, gastrointestinal, renal
and nervous system health.10, 11, 15, 30 It is crucial to treat the triad before serious health problems arise.10, 11, 15, 30 The
components of the triad can be difficult to identify in younger athletes because they will not have the chronic signs
that older athletes exhibit.16 Characteristics, such as age can play a role in the prognosis of the athlete suffering from
the triad, with older, married athletes being less responsive to treatment.16 Male athletes do not have a red flag like
amenorrhea to help with the detection of disordered eating and poor bone health making it more difficult to diagnose
these conditions.11, 16 It is still very important to identify males suffering disordered eating and poor bone health
early because they are less responsive to treatment.11 An effort should be made to discover an indicator in male
athletes.11 Some research suggests that a low percent body fat in males is connected to low BMD, which may be the
red flag needed and more research should be done.11 With the serious effects the triad can have on the whole body it
is crucial to not just correct energy imbalance, menstrual function and bone health in the athletes, but also the
psychological factors that are at the root of the problem.17
Treatment of the Female Athlete Triad and its Components
The root problem of disordered eating is psychological issues that initiate it.12, 13, 15, 16, 17 Treatment needs to
focus on more than the physical problems that arise, but also the psychological and emotional causes of the
disordered eating.10, 11, 14, 17, 20 For treatment to be successful the athlete has to recognize that there is a problem and
be ready to change.14, 17 It is important to know whether the athlete has sought out treatment his- or herself, however
athletes will often seek out nutritional assistance if it is made available to them.17, 20 Once established that the athlete
needs to change the best approach is to use a sports medicine team that includes doctors, athletic trainers, sports
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psychologists, sports nutritionists, strength and conditioning coaches and, depending on the situation, coaches and
parents.10, 14, 17, 20 This team should be open, approachable and supportive of the athlete allowing him or her to be
part of the treatment, but also needs to be firm, emphasizing that the ultimate goal is optimal health and nutrition.1012, 14-17

The more severe cases, or those involving musculoskeltal injury, may require removal of the athlete from

activity.10, 11, 14, 17 Communication between the entire team and the athlete is important in determining the
circumstances needed for the athlete to return to participation.11, 14, 17 Treatment for each athlete should be
individualized because no situation is exactly the same.11, 17
Severity of each component and any co-morbidities should be determined before treatment begins,10, 14, 16, 17,
20

which can be done through collecting a thorough menstrual, injury, exercise, performance and dietary habit

history and using screening tests for disordered eating, such as those discussed previously.14, 16, 20 Medical and
laboratory tests will help to illuminate health risks and should include electrocardiogram, DEXA, bone scan or MRI
if stress fracture or other musculoskeletal injury is suspected, complete blood count and chemistry panel, vitamin D
levels, pregnancy test, follicle stimulating hormone and thyroid stimulating hormone.10, 11, 14, 16, 17 Beginning
treatment as soon as any of the conditions are detected along any part of the continuum is imperative.14, 17, 20
Recurrence rates are high and the longer the athlete suffers from the condition the more difficult it becomes for them
recover.14, 17, 20 Screening tools can be used to prevent an athlete from developing the triad by determining risk
before participation.12, 14, 15 Educating athletes and coaches not just on the dangers of these conditions but also how
to recognize them in others is a preventative measure that is crucial to protect the athletes.11, 12, 14, 17
Prevalence
There is not much research available regarding the prevalence of the female athlete triad, making it difficult
to determine the populations most affected by it.10 Some suggest that elite athletes suffer from the condition on a
greater scale than controls, but others found no evidence supporting this theory.10 It is difficult to determine
prevalence owing to the different parameters researchers use to define the components. Reports of prevalence range
from 1.2% to 62%.11, 14, 32 There are incidences of athletes suffering from one or two components of the triad and it
is important to treat these conditions before they develop the full triad.11, 32 It is also important to treat athletes
suffering from the components of the triad even if it is not very severe.17 Levels of severity should be determined.8,
10, 20, 27, 32

Research is required to develop increments and concrete definitions of the component continuums to

determine severity.8, 10, 20, 27, 32 Male athletes do not suffer from the traditional female athlete triad, but more research
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is needed to determine if there are similar fluctuations in hormones and bone health from disordered eating
practices.11, 20 An identifying trait in male athletes to determine their risk for poor bone health and the other negative
effects of disordered eating should also be researched.11, 20
Nutritional Recommendations for Athletes
Athletes need to be fueling their bodies appropriately and getting the required vitamins and minerals.15, 28-30,
37, 45, 67, 92

Among athletes there are further subgroups that need to be conscious of their choices including vegetarian,

elite, endurance, and youth athletes.20, 28, 29, 45, 67, 92 Because of the different needs of the female body for certain
vitamins and minerals (micronutrients) and the high risk of disordered eating among female athletes there are also
many nutritional recommendations for this special population.15, 37
One of the big concerns for vegetarians is protein, but this has been shown to be a problem mostly among
those that are very restrictive like vegans.28 Protein source, whether plant or animal, does not affect performance so
an athlete with a well-planned diet will be consuming enough protein.28 Another concern with vegetarian diets is
that some athletes adopt this dietary style to restrict certain foods.14, 28 They may be cutting out important nutrients
and developing disordered eating habits.28 Instead of protein elite and endurance athletes primary concern is whether
they are consuming enough carbohydrate.30, 67, 92 For these athletes an optimized nutrition program can be developed
to be sure they are fueling themselves appropriately.92 Schröder’s et al. algorithm separates elite distance runners
into different training zones based on the events that they compete in and how they train.92 This algorithm can be
used to help these athletes develop an ideal nutrition plan.92 The primary concern for adolescent athletes classified as
elite is that they need to be sure they are fueling their bodies for both performance and growth, so nutrition needs
special attention.30, 67
Many female athletes have suboptimal energy intake and are at risk for or suffering from disordered
eating.15, 37, 45 Female athletes need to be sure they are consuming enough of certain micronutrients, especially
calcium and iron.37, 45, 67 The most important recommendations for this group include: consuming at least the
estimated average requirements (EAR) of micronutrients, consuming more meals per day, but of smaller, more
nutrient dense foods, and changing weight should happen in the off season.11, 15, 30, 37 People working with these
athletes should be cautious about placing pressure on them to diet.11, 15, 30, 37 Amenorrheic athletes should especially
pay attention to calcium intake and aim for 1500 milligrams per day to help maintain bone health.15
Recommendations for all athletes regard mostly intakes of protein, carbohydrate, iron and calcium.15, 28, 29, 37, 45, 67
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Protein
Most diets, including vegetarian diets, provide enough protein and essential amino acids as long as they are
well varied.28, 45 Research among athletic populations has shown that 27.3% to 30% of athletes do not meet the
recommended amount of protein.37, 67 One study showed that more athletes with subclinical eating disorders were
not consuming enough protein compared to a control group, possibly because those with the eating disorders
avoided red meat.45 Previous research suggests that active individuals have a higher protein requirement; however
more recent evidence does not support for this.28 The recommended dietary allowance (RDA) of protein ranges from
.8 g/kg body weight/day to 1.7 g/kg body weight/day.28, 37, 45
Carbohydrate
Carbohydrate is a very important source of fuel and is considered a primary fuel for high intensity
activity.45, 67 Depletion of carbohydrate, or inadequate intake, coupled with intense activity results in greater fatigue
which leads to injury.45 Many athletes have demonstrated a less than ideal consumption of carbohydrate with rates
up to 65% of athletes not consuming enough to reach the RDA.37, 45, 67 The RDA for carbohydrate in athletes is
higher than the general population and is 7-10 g/kg body weight/day.45, 67
Iron and Other Micronutrients
The two micronutrients that are of primary concern for the athlete are iron and calcium.28, 29, 37, 45, 67 It is
important to recognize the different forms iron can take in the diet and not all are as bioavailable as others.28
Because of this, it is suggested that vegetarian athletes increase their consumption by 80% above the
recommendation to ensure they are getting enough in their diet.28 Iron intake in young female athletes is important
because of the increased turnover they have through growth, menses and activity in sport.37, 67 Calcium and vitamin
D consumption should be encouraged and increased in amenorrheic athletes because they are already at risk for poor
bone health.37 Most athletes consume adequate amounts of other micronutrients with the exception being those
suffering from disordered eating where there is increased risk they will not consume enough of all the
micronutrients.28, 37, 45 However athletes should still be sure they are meeting requirements especially for vitamin
B12, B6, folate, magnesium and zinc.28, 37, 45, 67
Summary
Nutrition plays a key role in energy balance and athletic performance.21, 28, 44, 45 A negative energy balance
puts an athlete at risk for several conditions that result in injuries or illnesses requiring time away from sport.1, 3, 10
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The female athlete triad is a result of a negative energy balance whether it is intentional or not.2, 13, 14 The ACSM
defines the triad as a combination of energy availability, menstrual function and bone mineral density, which all run
along continuums from optimal health, to clinically pathologic disorders.8, 10, 23, 27 Educating athletes and coaches
about nutrition and the triad is one step in prevention and increasing recognition of the problem.14, 47, 48, 50, 52 Male
athletes also suffer from disordered eating, but it is under reported, so it is important to recognize these conditions in
this group as well.14, 20 Recognizing these conditions can be more challenging in males because they do not have a
red flag to signify when they should be screened for disordered eating or low bone mineral density.11 More research
is required to discover a telling indicator in males.11 Not all suffering from the triad have disordered eating, so it is
important to recognize and investigate the incidence of athletes participating in a negative energy balance without
disordered eating practices.2, 13, 47, 48
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Chapter III

Methodology

Participants
Participants consisted of male and female volunteers recruited from a Division I Mid-Atlantic university’s
soccer programs. Participant inclusion criteria were: 1) current member of a NCAA Division I soccer team; 2) did
not have a current injury or other condition that inhibited full participation in regular team training, workouts and
competitions; and 3) could not be pregnant. The study has been approved by the Institutional Review Board. All
participants read and signed an informed consent prior to participation in the study.
Instrumentation
Participants completed the Eating Attitudes Test (EAT-26), an injury history, and menstrual history
questionnaire. Participants also completed a food and activity diary for a period of three days during their preseason. EAT-26 determined disordered eating risk. The injury and menstrual histories provided insight into
prevalence of injury and menstrual dysfunction among the participants. The food and activity diaries allowed for the
assessment of energy balance.
Disordered Eating Questionnaire- EAT-26 is a validated and reliable assessment tool used for the
screening of disordered eating habits in the clinical and research settings.8, 33, 48, 49 The questionnaire assessed the
participants risk of having disordered eating.
Injury and Menstrual History Questionnaire- Open ended questions, consisting of the items found on a
physical used for athletic participation, regarding any past injuries that the participants may have sustained.
Questions also examined current and past menstrual irregularities female participants have experienced. The purpose
of this tool was to assess prevalence of injury and menstrual dysfunction in athletes experiencing disordered eating
habits.7, 14, 16, 20
Food Diary- Food diaries are a validated method for assessing nutritional intake over a multi-day period.22,
38, 39, 67, 69

Use of this tool allowed assessment of dietary intake. The 3-day log sheets included areas to record time of

meal/snacks, meal preparation, meal content and fluid intake.22, 38, 39, 67, 69
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Activity Diary- A validated method for assessing activity and energy expenditure over a multi-day period,
activity diaries collect daily activity information.22, 39, 67 The 3-day log sheets included areas to record physical
activity and rest activity as well as work or study and what sort of activity that includes and duration of each
activity.22, 39, 67
Dietary and Activity Assessment Program- The USDA SuperTracker (United States Department of
Agriculture, Washington, DC) was used to analyze average energy intakes for the 3-day food logs, activity
participation, and to calculate the energy balance of the athlete.
Procedures
This study is an observational survey of the eating habits and activity levels of soccer athletes. The study
utilized the information collected from the participants about their dietary consumption and activity levels to
evaluate energy balance. It also used a validated questionnaire to evaluate the presence of disordered eating habits
within the population. Results from the disordered eating questionnaire and food and activity diaries evaluated the
relationship between disordered eating habits and energy balance. The results determined if a population is
experiencing negative energy balance without using disordered eating habits. An injury history and menstrual
history questionnaire evaluated the prevalence of injury and menstrual dysfunction in this population, and the
number of these athletes at risk for the female athlete triad.
Dependent Variables


Energy balance (in kcals)



Disordered eating risk



Injury occurrence



Menstrual history

Independent Variables


Disordered eating habits



Negative energy balance
Recruitment of participants occurred at a team event followed by a meeting to explain the procedures to

complete the EAT-26, injury history and menstrual history questionnaire, and how to complete the 3-day food and
activity diaries. The participants completed the EAT-26 and injury history and menstrual history questionnaire and
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returned these to the investigator before departing. The participants were able to answer questions privately to
provide anonymity. An investigator was available however to clarify any confusing questions or any concerns the
participants had. Participants received log sheets to record food intake and activity along with a sheet providing
examples of serving sizes and an example food diary. Participants also received a standard business sized envelope
to place completed food and activity diaries into, seal, sign with their participant number, and return to their team
athletic trainer. The athletic trainer returned materials to the investigators. To be included participants needed to
participate regularly in varsity athletics at a collegiate level. Any participant not meeting inclusion criteria-sustaining an injury or condition preventing full participation in team practice or competition, or if a female was
pregnant-- did not participate.
Disordered Eating Questionnaire Procedure
Participants completed the EAT-26 after signing informed consent forms. Participants were to answer
questions completely and honestly. There are 26 Likert scaled questions to answer and four “yes or no” behavioral
questions on the test. If participants had questions about any items on the questionnaire, or needed clarification, an
investigator was present to assist in clarifying the issue. A score of 20 suggests disordered eating and a need to
consult with a nutritionist and/or psychologist, and scores near 20 represent risk of disordered eating. 33, 48, 49, 60, 62 The
EAT-26 is available on-line (http://www.santarosanutrition.com/files/Download/EAT26Test120105.pdf ).
Menstrual and Injury History Procedure
After completing the EAT-26 participants also completed a questionnaire regarding past injuries. They
respond to any items where there is a history of injury and respond “no” if there is no history. Female participants
also answered questions regarding menstrual history and current menstrual cycle. Items on these questionnaires are
those used in pre-participation examinations, but some of the menstrual history questions are from recommendations
for those examining an athlete for the female athlete triad or disordered eating. 26, 27, 31, 33, 36, 72, 73
Food Diary Procedures
During pre-season participants selected a three-day period to complete a food diary. Log sheets provided
included sections for the participant to record preparation type (baked, fried, boiled etc.), the time of day of the
meal/snack, ingredients included in the meal (if not a prepackaged meal or snack), any fluid intake with or without a
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meal, and servings/amount consumed. Participants received visual aids to assist with determining the measurements
of portion sizes. Participants received an example food diary to assist them in filling out their own diary pages.
Activity Diary Procedures
During the same three-day period participants recorded their dietary intake, they also be kept a record of
their activities. Log sheets for the activity diary included sections to record activity type (rest, sleep, practice, work,
playing in a game etc.), type of exercises included in practice, or work done, duration of each activity and exercise.
An example sheet to demonstrate how to record each activity and exercise is included with the diary sheets given to
the participants.
Analysis of Measurement Tools
Participants returned EAT-26, and injury history and menstrual history questionnaires to the investigators
before departing from the meeting. Values on the reverse side of the EAT-26 provided a scoring rubric for the
disordered eating test. A participant is at risk of having disordered eating if they score 20 or greater on the 26-item
portion of the test, or if they respond positively to the behavioral questions. For the participants scoring below 20 on
the EAT-26, the more elevated the score the greater the risk of disordered eating.
From the injury history questionnaire information about the prevalence of injury and illness and types of
injury was drawn. There are five injury categories: acute fracture, stress fracture, sprain, strain, and soft tissue tear.
The sprain category included any injury to ligaments, strains included injury to muscle, and the soft tissue tear
category included injury to shoulder or hip labrum, meniscus, or cartilage. Based on the participants response,
investigators placed injuries into a category. Illnesses are also in categories: cardiovascular conditions, respiratory
conditions, gastrointestinal conditions, and exertional conditions. Exertional conditions included positive responses
for questions asking if the participant had ever become physically sick from activity, if they had ever become light
headed, dizzy or lost consciousness during exercise, or if they had ever suffered heat illness. The investigator will
categorized injuries and illnesses on a rubric to determine each participants’ history. Questions regarding frequency
of menstruation, duration of menstrual periods, age at menses, and time between menstrual periods determined the
menstrual function of the female participants. Participants were classified as: eumenorrheic-- cycles every 21-35
days-- primary amenorrheic-- older than 15 at first menstrual period-- secondary amenorrheic-- greater than 90 days
without menses-- or oligomenorrheic-- greater than 35 days between menstrual periods.
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Investigators entered the information gathered from the food and activity diaries into the USDA
SuperTracker program. One investigator entered all of the data to allow for consistency. This program allows the
user to select individual whole foods or select from pre-packaged food options. There is a variety of ways to enter
serving amount. Entering activity into the program also has variety of options for intensity of activity. The user is
also able to enter how long the participant took part in each activity. The SuperTracker program calculated caloric
intake from each day's food, as well as caloric expenditure throughout the day. These are then used to calculate
energy balance with the equation: energy intake (kcal)-energy expenditure (kcal) =energy balance (kcal). A
participant is in a negative energy balance when energy expenditure is greater than energy intake.
Statistical Analysis
Statistical analysis was done using IBM SPSS Statistics version 19 (SPSS Inc., Armonk, NY) and consists
consist of descriptive statistics of participant demographics and EAT-26 and food and activity diary results,
frequency and one-sample binomial test measure of injury and menstrual dysfunction and correlation between
incidence of disordered eating, negative energy balance, menstrual status and injury history using the correlation
coefficient r. The coefficient of determination, r2, represents how dependable the r is in predicting the relationship
between two of the variables. Contingency tables and Chi-square test (χ2) were also used to examine the relationship
between menstrual function and the injury history categories. Findings were considered significant when p≤ 0.05.
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Chapter IV

Results

Participant Demographics
Nine participants (20.67 ± 1.58 years) completed the EAT-26 disordered eating questionnaire and the food
and activity diaries. Eight participants completed the injury and menstrual history form. One participant submitted a
partially completed injury and menstrual history form. The individual did not provide the types of injury suffered.
The participants consisted of seven females and two males; all current members of a Division I Mid-Atlantic
university who are athletes on the women’s and men’s soccer teams, respectively. The participants averaged 15.11 ±
2.315 years of participation in competitive soccer. Average height of the participants was 169 ± 4.899cm. Weight
averaged 61.81 ± 6.616kg. Table 3 presents a summary of participant demographics.
Table 3: Participant Demographics
Participants N (%)
Gender
Female
Male

7 (77.8%)
2 (22.2%)

Age
18
21
22

2 (22.2%)
4 (44.4%)
3 (33.3%)

Years Playing Soccer
11
12
14
16
17
18

1 (11.1%)
1 (11.1%)
1 (11.1%)
4 (44.4%)
1 (11.1%)
1 (11.1%)

Mean±SD

20.67±1.581yrs

15.11±2.315yrs

Height

169±4.899cm

Weight

61.81kg±6.616kg

Descriptive Statistics of the EAT-26 Score and Food and Activity Diaries
Measurements from the food and activity diaries included energy intake, energy expenditure and energy
balance. Participants also responded to the 26 items on the EAT-26 disordered eating questionnaire. The
participants' information collected in the food and activity diaries, height, weight, sex, and age were entered in to the
USDA SuperTracker dietary and activity analysis program to calculate energy intake and energy expenditure.
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Participants reported an average energy intake of 1932.78 kcal·day-1 with energy intake ranging from 1200 to
2586kcal·day-1. Average energy expenditure was 4963.44kcal·day-1 ranging from 4258 to 5803kcal·day-1. Energy
intake and energy expenditure were used to calculate energy balance which had an average of -3019.33kcal·day-1
and energy balance ranged from -3677 to -2495kcal·day-1 across participants. EAT-26 scores ranged from 0 to 8
with an average score of 4.22 ± 2.539. Table 4 shows each participants’ score on the EAT-26, energy intake, energy
expenditure, energy balance, and the mean and standard deviation of these variables.
Table 4: Participant EAT-26 Scores, Energy Intake, Energy Expenditure, and Energy Balance
Participant
EAT-26 Score
Energy Intake
Energy
Energy Balance
(kcal)
Expenditure (kcal)
(kcal)
Female 1
4
1246
4304
-3058
Female 2
6
2126
5803
-3677
Female 3
2
1570
4258
-2688
Female 4
6
2074
4603
-2528
Female 5
6
2488
5407
-2919
Female 6
8
1795
5224
-3428
Female 7
2
2310
4905
-2495
Male 1
4
2586
5718
-3132
Male 2
0
1200
4449
-3249
Mean ± SD
4.22 ± 2.539
1932.78 ± 511.586
4963.44 ± 598.889
-3019.33 ± 403.524

Correlation of Energy Variables, EAT-26 Score, Menstrual Status and Injury History
Pearson correlation coefficient analyzed the relationship between energy intake, energy expenditure, energy
balance and the EAT-26 score. There was no significant correlations between energy intake and energy balance,
r=0.153 (p= 0.694), energy intake and the EAT-26 score, r= 0.398 (p= 0.289), energy expenditure and energy
balance, r= -0.516 (p= 0.155), energy expenditure and the EAT-26 score, r= 0.532 (p= 0.140) and energy balance
and the EAT-26 score r= -0.312 (p= 0.413). The relationship between energy intake and energy expenditure was
significant, r= 0.766 (p= 0.016).
There were no significant correlations between the EAT-26 score and the following menstrual status and
injury history variables: menstrual status, overall past injury, acute fracture, stress fracture, soft tissue tear, muscle
strain, cardiovascular condition, respiratory condition, gastrointestinal condition, or exertional condition history. A
significant negative correlation exists between the EAT-26 scores and ligament sprains r= -0.722 (p= 0.028). No
significant correlations exist between energy expenditure and any of the menstrual status or injury history variables.
There were also no significant correlations between energy balance and any of the menstrual status or injury history
variables. Energy intake and exertional illness have a significant positive correlation r= 0.801 (p= 0.010). There
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were no significant correlations between energy intake and the other variables: menstrual status, overall past injury,
acute fracture, stress fracture, muscle strain, ligament sprain, soft tissue tear, cardiovascular conditions, respiratory
conditions, or gastrointestinal conditions. No significant correlations exist between menstrual status and injury
history variables. Table 5 presents the results of the Pearson correlation tests between the EAT-26 score, energy
variables, menstrual status, and injury history variables.
Table 5: Correlations Between EAT-26 Score, Energy Variables, Menstrual Status, and Injury History
MS
Injury
AFx
SFx
Tear
Strain
Sprain
CV
Resp.
r= -0.645
r= -0.263
r= 0.054
r= 0.552
r= -0.361
r= 0.626
r= 0.263
r= -0.273
r= -0.722*
EAT-26
2
2
2
2
2
2
2
2
2

GI

EX

r= 0.263
r= 0.104
r = 0.417
r = 0.069
r = 0.003
r = 0.304
r = 0.130
r = 0.391
r = 0.069
r = 0.075
r2= 0.069
r2= 0.011
r = 0.522
p= 0.117
p=0.495
p= 0.899
p= 0.156
p= 0.397
p= 0.097
p= 0.495
p= 0.447
p= 0.495
p= 0.790
p= 0.028
n= 7
n= 9
n= 8
n= 8
n= 8
n= 8
n= 9
n= 9
n= 9
n= 9
n= 9
r= 0.015
r= -0.407
r= -0.549
r= -0.070
r= -0.561
r= 0.528
r= -0.273
r= 0.407
r= 0.172
r= 0.104
r= 0.801*
EI
r2= 0.000
r2= 0.166
r2= 0.302
r2= 0.005
r2= 0.315
r2= 0.279
r2= 0.075
r2= 0.166
r2= 0.029
r2= 0.011
r2= 0.641
p= 0.974
p= 0.277
p= 0.159
p= 0.870
p= 0.148
p= 0.179
p= 0.477
p= 0.277
p= 0.659
p= 0.791
p= 0.010
n= 7
n= 9
n= 8
n= 8
n= 8
n= 8
n= 9
n= 9
n= 9
n= 9
n= 9
r= 0.018
r= -0.278
r= -0.486
r= 0.160
r= 0.665
r= 0.612
r= -0.143
r= 0.278
r= -0.340
r= -0.226
r= 0.309
EE
r2= 0.000
r2= 0.077
r2= 0.236
r2= 0.026
r2= 0.443
r2= 0.374
r2= 0.021
r2= 0.077
r2= 0.115
r2= 0.051
r2= 0.095
p= 0.969
p= 0.469
p= 0.222
p= 0.705
p= 0.072
p= 0.107
p= 0.713
p= 0.469
p= 0.371
p= 0.559
p= 0.419
n= 7
n= 9
n= 8
n= 8
n= 8
n= 8
n= 9
n= 9
n= 9
n= 9
n= 9
r= 0.011
r= -0.093
r= 0.059
r= -0.368
r= -0.347
r= -0.302
r= -0.113
r= 0.093
r= 0.341
r= 0.457
r= 0.590
EB
r2= 0.000
r2= 0.009
r2= 0.003
r2= 0.135
r2= 0.121
r2= 0.091
r2= 0.013
r2= 0.009
r2= 0.116
r2= 0.208
r2= 0.348
p= 0.981
p= 0.811
p= 0.889
p= 0.370
p= 0.400
p= 0.467
p= 0.771
p= 0.811
p= 0.369
p= 0.217
p= 0.095
n= 7
n= 9
n= 8
n= 8
n= 8
n= 8
n= 9
n= 9
n= 9
n= 9
n= 9
r= -0.258
r= 0.000
r= -0.632
r= 0.500
r= -0.707
r= 0.730
r= 0.258
r=-0.400
r= -0.645
r= -0.091
MS
r2= 0.067
r2= 0.000
r2= 0.400
r2= 0.250
r2= 0.500
r2= 0.533
r2= 0.067
r2= 0.160
r2= 0.417
r2= 0.008
p= 0.576
p= 1.000
p= 0.178
p= 0.312
p= 0.116
p= 0.062
p= 0.576
p= 0.374
p= 0.117
p= 0.846
n= 7
n= 7
n= 7
n= 7
n= 7
n= 7
n= 7
n= 7
n= 7
n= 7
EI= energy intake, EE= energy expenditure, EB= energy balance, MS= menstrual status, Injury= overall past injury, AFx= acute fracture, SFx= stress fracture, Tear=
soft tissue tear, Strain= muscle strain, Sprain= ligament sprain, CV= cardiovascular condition, Resp. = respiratory condition, GI= gastrointestinal condition, EX=
exertional condition. Results that are bold with an asterisk are statistically significant.

Frequencies and One-Sample Binomial Tests of Measures of Injury and Menstrual Status
Participants’ responses on the injury and menstrual history form determined prevalence of injury among
this population sample. Frequency and one-sample binomial tests reveal the prevalence and significance of injury
occurrence among the participants, different injury categories, illness categories and menstrual status. Eight of the
nine participants (88.9%, p= 0.039) reported suffering an injury at some point during their years playing soccer.
Eight participants provided information regarding the injuries suffered while one provided incomplete information
regarding injuries sustained. Five groups made up the classifications of injuries: acute fracture, stress fracture, soft
tissue tear, muscle strain, and ligament sprain. Of the 8 participants providing complete injury history, 37.5% (p=
0.727) reported suffering an acute fracture, 12.5% (p= 0.070) reported a previous stress fracture, 25.0% (p= 0.289)
reported a tear of soft tissue and 50.0% (p= 1.000) reported muscle strains. All nine participants reported
information regarding ligament sprains with 66.7% (p= 0.508) reporting a sprain during their soccer career.
Participants also reported on illnesses suffered. The four categories of illnesses included cardiovascular conditions,
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respiratory conditions, gastrointestinal conditions and exertional conditions. Conditions in these illness categories
are important to consider due to the connection of disordered eating to problems in the body systems under
investigation. All nine participants responded to questions regarding these systems. Eight of nine participants
(88.9%, p= 0.039) denied suffering a cardiovascular condition or a gastrointestinal condition. Nearly seventy-eight
percent (77.8%, p= 0.180) responded negatively to having a respiratory condition. However, 44.4% (p=1.000)
reported suffering from conditions due to exertion during exercise.
Frequency of menstrual dysfunction and one-sample binomial test reveal the results from the injury and
menstrual history form regarding menstrual status. The analysis of menstrual function excluded the two male
participants. Of the remaining participants 28.6% reported secondary amenorrhea and 71.4% (p= 0.453) reported
being eumenorrheic. None reported primary amenorrhea or oligomenorrhea. Birth control use was split among the
participants with 42.9% using some form of birth control and 57.1% (p=1.000) not using birth control.
Cross Tabulation and Chi-Square Test of Menstrual Dysfunction and Injury History
Cross tabulation and chi-square test for goodness of fit compared menstrual status and injury and illness
categories. The contingency tables are available in Table 6 a-j. Contingency tables allowed data to be tested using
the chi-square test for goodness of fit. The chi-square values between menstrual status and the injury and illness
categories were as follows: over all past injury χ2= 0.467 (p= 0.495), acute fracture χ2= 0.000 (p= 1.000), stress
fracture χ2= 2.400 (p= 0.121), soft tissue tear χ2= 1.500 (p= 0.221), muscle strain χ2= 3.000 (p= 0.083), ligament
sprain χ2= 3.733 (p= 0.053), cardiovascular condition χ2= .467 (p= 0.495), respiratory condition χ2= 1.120
(p= 0.290), gastrointestinal condition χ2= 2.917 (p= 0.088), and exertional illness χ2= 0.058 (p= 0.809).
Table 6a: Cross Tabulation of Menstrual Status
and Overall Past Injury
Menstrual
Have they ever had
Total
Status
an injury?
No
yes
Secondary
0
2
2
Amenorrhea
Eumenorrhea
1
4
5
Total

1

6

Table 6b: Cross Tabulation of Menstrual Status
and Acute Fracture
Menstrual
Have they ever had
Total
Status
an acute fracture?
No
yes
Secondary
1
1
2
Amenorrhea
Eumenorrhea
2
2
4

7

Total
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3

3

6

Table 6c: Cross Tabulation of Menstrual Status
and Stress Fracture
Menstrual
Have they ever had a Total
Status
stress fracture?
No
yes
Secondary
1
1
2
Amenorrhea
Eumenorrhea
4
0
4
Total

5

1

Table 6d: Cross Tabulation of Menstrual Status
and Soft Tissue Tear
Menstrual
Have they ever torn
Total
Status
soft tissue?
no
yes
Secondary
2
0
2
Amenorrhea
Eumenorrhea
2
2
4

6

Total

Table 6e: Cross Tabulation of Menstrual Status
and Muscle Strain
Menstrual
Have they ever
Total
Status
strained a muscle?
No
yes
Secondary
0
2
2
Amenorrhea
Eumenorrhea
3
1
4
Total

3

3

6

1

6

Total

6

1

6

3

4

7

Table 6h: Cross Tabulation of Menstrual Status
and Respiratory Illness
Menstrual
Do they have a
Total
Status
respiratory condition?
no
yes
Secondary
2
0
2
Amenorrhea
Eumenorrhea
3
2
5
Total

7

5

2

7

Table 6j: Cross Tabulation of Menstrual Status
and Exertional Illness
Menstrual
Have they ever been
Total
Status
sick from exercise?
No
yes
Secondary
1
1
2
Amenorrhea
Eumenorrhea
3
2
5

Table 6i: Cross Tabulation of Menstrual Status
and Gastrointestinal (GI) Illness
Menstrual
Do they have a GI
Total
Status
condition?
No
yes
Secondary
1
1
2
Amenorrhea
Eumenorrhea
5
0
5
Total

2

Table 6f: Cross Tabulation of Menstrual Status
and Ligament Sprain
Menstrual
Have they ever
Total
Status
sprained a ligament?
no
yes
Secondary
2
0
2
Amenorrhea
Eumenorrhea
1
4
5

Table 6g: Cross Tabulation of Menstrual Status
and Cardiovascular (CV) Illness
Menstrual
Do they have a CV
Total
Status
condition?
No
yes
Secondary
2
0
2
Amenorrhea
Eumenorrhea
4
1
5
Total

4

Total

7

44

4

3

7

Chapter V

Conclusion

Summary of the Study
Participants were volunteers from the women and men’s soccer teams at a Mid-Atlantic NCAA Division I
school. Originally, 18 females and 9 males volunteered to participate. During the course of the study 61.1% of
females and 77.8% of males dropped out. The high dropout rate was due to time conflicts or participants noncompliance in recording food and activities throughout the day. One participant left the study due to an injury
preventing participation in team practices and competition. None of the participants’ completing the study had
scores on the EAT-26 categorizing them as having disordered eating. The analysis of the data showed a significant
positive correlation between energy intake and energy expenditure. A significant correlation between the EAT-26
scores and sprain and between energy intake and exertional illness also exist. A significant number of participants
reported suffering from a previous injury and a significant number reported not having any cardiovascular or
gastrointestinal conditions.
Discussion of Findings
Energy Intake, Energy Expenditure, Energy Balance and EAT-26
No significant correlations between energy balance and the other measures exist. There were also no
significant correlations between EAT-26 scores and the other measures. However, energy intake and energy
expenditure have a significant positive correlation, which could refute the research suggesting that the body does not
respond to activity induced energy expenditure the same way it responds to energy restriction. 2 However, these
participants reported energy intake typically below the recommended daily allowance, so the participants’ energy
intake patterns could be in response to energy restriction.1-3
One factor possibly influencing the relationships between energy intake, energy expenditure, energy
balance and the EAT-26 score is that most participants completed their food and activity diaries during pre-season
while participating in two practices per day. The additional practice greatly increases the energy expenditure for that
day, skewing the energy balance of the athlete. Pre-season is a normal part of an athletes’ year, making their activity
level at that time greater than during the regular season or off season. If they did not increase energy intake with the
increase in energy expenditure, energy balance could be inaccurate. One study1 examining energy balance found
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cyclists were closer than minimal-exercising controls to being in energy balance on days with cycling, whereas the
controls were closer to energy balance on days without a cycling bout. On the day without the cycling bout, the
cyclists were in positive energy balance.1 This finding suggests athletes participating in their “normal” amount of
activity may keep themselves close to an energy balance, but if they participate in less activity than what is “normal”
for them; they will still consume more calories than the controls. It would be interesting to examine the relationship
between energy balance and increased activity in athletes. If the athlete participates in more activity than “normal,”
will they consume the same amount of energy that they would if they were participating in their usual amount of
activity?
The lack of a significant correlation between the EAT-26 score and energy balance may be suggestive of
unintentional energy restriction. It is difficult to determine unintentional energy restriction with the small sample
size. Because there are no EAT-26 scores that suggested risk of disordered eating in any of the participants, it is
impossible to compare the energy restriction of an athlete with disordered eating to an athlete who reports normal
eating behaviors.1-3
EAT-26 Scores, Energy Variables, Injury History and Menstrual Status
No significant correlations exist between two of the dietary variables (energy expenditure, and energy
balance) and any of the variables concerning menstrual status or injury history. There were also no correlations
between menstrual status and the injury history variables. A significant negative correlation detected between the
EAT-26 scores and ligament sprains implies that a decrease in EAT-26 score is accompanied by an increase in the
chance a participant suffered a ligament sprain. This finding suggests that those who have a higher risk of disordered
eating have a greater risk for spraining a ligament. Further research examining the relationship between sprains to
ligaments and risk of disordered eating would provide better insight into the relationship between the two. A
positive correlation between energy intake and exertional illness suggests that as the participants consume more
calories there is a greater chance they suffered from exertional illness. This relationship is important to recognize
because it could suggest that the athletes are consuming fewer calories to avoid exertional illness. However if the
athlete is consuming fewer calories they are not consuming an adequate amount of energy. Further research
exploring athletes eating habits in regards to timing around training would provide greater understanding of athletes’
energy intake and how to help them to get the energy they need. There were no other significant correlations
between energy intake and menstrual status, or injury and illness history variables.
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There was no significant relationship found between menstrual status and any of the injury history
categories. However, with both the Pearson correlation and the chi-square goodness of fit there was a positive trend
toward significance between menstrual status and ligament sprains as well as a negative trend with muscle strains.
The positive trend between menstrual status and sprains suggests that when females are eumenorrheic there is a
greater chance they will have sprained a ligament. There is a large amount of research examining the relationship
between the phases of the menstrual cycle and laxity of the anterior cruciate ligament (ACL) as well as other
ligaments in the body. The trend found in this study suggests that further research into the relationship between
menstrual function or dysfunction and injury to ligaments is needed because there could be a significant relationship
between the two.
Prevalence of Injury and Menstrual Dysfunction
A significant number of the participants reported having an injury during their time playing soccer. These
ranged from ankle sprains to ACL ruptures to quadriceps or hamstring strains to acute fractures and stress fractures.
With none of the athletes scoring in the disordered eating range on the EAT-26, it is clear that there is risk for injury
in soccer regardless of disordered eating status. The most frequent types of injury were muscle strains and ligament
sprains. A significant number of athletes denied suffering either a cardiovascular condition or a gastrointestinal
condition. Previous research suggests that disordered eating can create conditions affecting these systems which is
neither confirmed nor denied by the data in this study.7, 9-12, 15, 21, 26
There were not a significant number of participants reporting secondary amenorrhea or eumenorrhea. None
reported primary amenorrhea or oligomenorrhea. Secondary amenorrhea is present in 28.6% of the female
participants. The rates of amenorrhea in this study are similar to the rates found in other athlete populations ranging
from 18.8% to 40.8%.27, 31, 32, 43, 45, 73 The prevalence of menstrual dysfunction varies depending on the athletes
examined with distance runners having a greater prevalence than other athletes. 27, 31, 32, 43, 45, 73 A couple of the studies
broke down the menstrual dysfunction suffered by the athletes.27, 31 One study’s findings were that17.7% were
oligomenorrheic while5.3% of subjects were amenorrheic.27 The other findings were 17.1% of subjects were
oligomenorrheic, 5.3% had secondary amenorrhea and 1.2% had primary amenorrhea. 31 The prevalence of
secondary amenorrhea found in the participants of this study is higher than those found in other studies; however,
the population sample was small. The small population sample makes it more difficult to truly judge the prevalence

47

of menstrual dysfunction. Interestingly, the one participant reporting a history of stress fracture also had the highest
EAT-26 score and was one of the two females reporting secondary amenorrhea.
Recommendations for Future Research
Improvements to several aspects of this study in future research are possible. First, a larger population
sample would improve reliability of results and analysis. A more randomized sample from several soccer programs
would make results generalizable to a greater population. This study attempted to examine differences between male
and female soccer athletes; however, few males volunteered. The results reflect the responses of only two males,
which made it impossible to compare the male and female groups. The ability to recruit and gather results from
more male athletes would provide a better insight of the differences in eating habits, energy balance and injury
prevalence between the sexes, and how disordered eating affects energy balance in male athletes.
A second improvement would include utilizing a different method for collection of energy intake and
energy expenditure. Many participants dropped out of the study because they did not complete their food and
activity diary. Utilizing a 24-hour food recall on three separate occasions instead of a food diary may encourage
participants to provide responses because they do not need to remember to write food down throughout the day. A
similar strategy may also help with compliance in keeping the activity diary. When the development of
accelerometers produces a greater validity in the use of the tool among an active population, they would be an ideal
way to measure energy expenditure. If the resources are available doubly labeled water would be another ideal
method to measure energy expenditure. The SuperTracker program used to calculate energy intake and expenditure
had a wide variety of options for food and activity, but other programs may have greater variety in food and activity
types or more freedom in determining the amount of food consumed which was a restriction with some food options
on the SuperTracker program.
Conclusion
The results of this study supported findings in other research regarding prevalence of menstrual dysfunction
among athletes. Further exploration into whether athletes are unintentionally in a negative energy balance, by not
increasing energy intake greater than ad libitum and participating in large amounts of physical activity is still
relevant. Future research should include further examination of energy balance and its relationship to disordered
eating. Several studies have already shown the relationship between negative energy balance or disordered eating
and injury and performance decrements.2-4, 9 More research examining norms of energy balance could help to
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discern if the athletes are putting themselves at risk or if disordered eating needs to and can be addressed another
way to help prevent injury. Sport presents a high risk of injury, which varies depending on the sport type. This study
presents 88.9% of participants reporting a history of some type of injury which demonstrates the risk athletic activity
alone presents to the athlete. This study examined only soccer athletes. Future research should include other sports
to help provide results that are more generalizable. Research has already suggested that disordered eating and
menstrual dysfunction are tied to poor bone health and stress fractures.21, 22, 25, 73, 76, 81 Research in the future should
explore the correlation between disordered eating and other specific types of injury such as ACL rupture or muscle
strains to help identify “red flags” indicating disordered eating, the female athlete triad, or similar problems in male
athletes. Having more identifying characteristics for these conditions can help clinicians identify athletes that are at
risk for serious health complications.
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